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ABSTRACT 
This study was conducted to: (i) isolate Enterobactericae associated with calf 
diarrhoea, (ii) to determine the relationship between patterns of Escherichia coli 
associated with diarrhoea in neonatal calves with other patterns of that isolated from 
other sources such as drinking water, and milker hands, (iii) to survey Escherichia 
coli producing Shiga-like toxin in calves with diarrhoea and (iv) to determine the 
sensitivity of E.coli to known antibiotics. Hundred samples were collected from 
diarrhoeic calves from dairy farms in Hilat Kuku, Shegla, Keryab, Shambat and 
University of Khartoum farm and also from these farms sixty-seven samples of 
drinking water and twenty-two samples from the milker hands were collected. All 
samples were cultured onto MacConkey agar and isolates were identified according to 
the microscopic examination, cultural and biochemical characteristics. Some of E.coli 
isolates were analyzed by molecular biology tests using ERIC primers to determine 
genotype patterns of E.coli associated with the calf diarrhoea. Vero cells test was used 
to detect for the presence of Shiga-like toxin in five isolates of E.coli selected 
randomly. Sorbitol MacConkey agar test was used to detect the presence of E.coli 
O157:H7, in five faecal isolates, selected randomly. E.coli isolates were examined for 
their susceptibility to eight commonly used antibiotics.  
The total number of bacterial isolates from diarrhoeic faecal samples was 134. 
100 E.coli (100%), 18 klebsiella spp. (18%), 7 Salmonella spp. (7%), 8 Proteus spp. 
(8%), and 1 Hafnia sp. (1%).The total number of isolates of the drinking water 
samples was 45, consisting 25 E.coli (37.3%), 15 klebsiella spp. (22.4%) and 3 
Salmonella spp. (4.5%). The total number of isolates from the milker hands was 17: 
11 E.coli (50%), 2 klebsiella spp.  (9.1%) and 4 Salmonella spp. (18.2%). The ERIC-
PCR analysis of E.coli isolates detected the presence of five genotypes in faecal 
samples, 3 genotypes in water samples and 3 genotypes in milker hand's samples. 
Three genotypes [96 (6 bands), 286 (8 bands) and  259 (10 bands)] were common in 
XIV 
 
faecal, water and milker hands samples. All examined isolates (100%) were positive 
for the vero cell test. Sorbitol MacConkey agar test showed that the examined isolates 
were not O157:H7 E.coli. E.coli isolates were highly sensitive to nitrofurantion 
(98%), colistin sulphate (98%), gentamicin (87%) and cotrimoxazole (82%) and 
resistant to the rest of the antibiotics.  
The results of this study indicated that the bacterium most commonly 
associated with neonatal calf diarrhoea is E.coli. The detection of three genotypes 
common in faeces, drinking water and milker hands indicated relationship between 
calf diarrhoea and farm environment. ERIC-PCR technique might help in the study of 
epidemiology of calf diarrhoea caused E.coli.    
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  اﻟﻤﺴﺘﺨﻠﺺ
 أﻧﻤѧﺎط  ﺑѧﻴﻦ  اﻟﻌﻼﻗѧﺔ  ﻟﺘﺤﺪﻳѧﺪ  و ، اﻟﻌﺠѧﻮل  ﺑﺎﺳѧﻬﺎﻻت  اﻟﻤﺮﺗﺒﻄѧﺔ ﺮﻳﺎ اﻻﻣﻌﺎﺋﻴﻪ ﻴاﻟﺒﻜﺘ ﻟﻌﺰل اﻟﺪراﺳﺔ هﺬﻩ أﺟﺮﻳﺖ
 ﻣѧﺼﺎدر  ﻣѧﻦ  ﻋﺰﻟѧﺖ  اﻟﺘѧﻲ  اﻷﻧﻤѧﺎط  ﻣѧﻦ  ﻏﻴﺮهﺎ ﻣﻊ اﻟﻮﻻدة ﺣﺪﻳﺜﻲ اﻟﻌﺠﻮل ﻓﻲ ﺎﻻﺳﻬﺎلﺑ اﻟﻤﺮﺗﺒﻄﺔ  آﻮﻻي اﻻﺷﻴﺮﺷﻴﺎ
 ﺑﺎﻟѧѧﺸﻴﻘﻴﻼ ﺸﺒﻴﻪاﻟѧѧ ﻟﻠѧѧﺴﻤﻮم اﻟﻤﻜﻮﻧѧѧﻪ آѧѧﻮﻻي اﻻﺷﻴﺮﺷѧѧﻴﺎ ﻟﻤѧѧﺴﺢ و، اﻟﺤﻼﺑѧѧﻴﻦ أﻳѧѧﺎديو ، اﻟѧѧﺸﺮب ﻣﻴѧѧﺎﻩ ﻣﺜѧѧﻞ ، أﺧѧѧﺮى
  .ﻪﺴﺘﻌﻤﻠاﻟﻤ اﻟﺤﻴﻮﻳﺔ ﻠﻤﻀﺎداتﻟ آﻮﻻي ﺎاﻻﺷﻴﺮﺷﻴ ﺣﺴﺎﺳﻴﺔ ﺘﺤﺪﻳﺪﻟو ،اﻟﻌﺠﻮل  ﻓﻲﻟﻸﺳﻬﺎل اﻟﻤﺼﺎﺣﺒﻪ
 و ،ﺸﻘﻠﻪواﻟѧ ،آﻮآѧﻮ ﺣﻠѧﺔ ﻓѧﻲ اﻷﻟﺒѧﺎن ﻣѧﺰارع ﻣѧﻦ ﺑﺎﻻﺳѧﻬﺎل ﻣѧﺼﺎﺑﻪ ﻋﺠѧﻮل ﻣѧﻦ ﺑѧﺮاز ﻋﻴﻨѧﻪ 001 ﺖﺟﻤﻌѧ 
 ﻣﻴѧﺎﻩ  ﻣѧﻦ  ﻋﻴﻨѧﻪ  وﺳѧﺘﻮن  ﻪﺒﻌﻣﻦ هﺬﻩ ﺳѧ  ﺟﻤﻌﺖآﻤﺎ  . ماﻟﺨﺮﻃﻮ ﺟﺎﻣﻌﻪ ﻣﺰرﻋﻪ و ،ﺷﻤﺒﺎت ﻣﻨﻄﻘﻪ ﻣﺰارع و ،ﻜﺮﻳﺎباﻟ
 ﻋﻠﻰ اﺟﺎر اﻟﻤﺎآﻮﻧﻜﻲ وﻋﺮﻓѧﺖ  اﻟﻌﻴﻨﺎت ﺟﻤﻴﻊزرﻋﺖ  و. ﻼﺑﻴﻦاﻟﺤ أﻳﺎدي ﻣﻦ ﻣﺴﺤﻪﺮﻳﻦ وﻋﺸ واﺛﻨﻴﻦ اﻟﻌﺠﻮل ﺷﺮب
 اﻻﺷﻴﺮﺷѧﻴﺎ  ﻣѧﻦ  اﻟﻌѧﺰﻻت  ﺑﻌѧﺾ و ﺣﻠﻠѧﺖ  .واﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴѧﺔ  اﻟﻤﺰرﻋﻴѧﺔ   واﻟﺨѧﺼﺎﺋﺺ  اﻟﻤﺠﻬﺮي ﻟﻠﻔﺤﺺ وﻓﻘﺎ اﻟﻌﺰﻻت
 اﻟﻤѧѧﺼﺎﺣﺒﻪ اﻟﺠﻴﻨﻴѧѧﻪ اﻻﻧﻤѧѧﺎط ﻟﻤﻌﺮﻓѧѧﻪ sremirp CIRE ﺑﺎﺳѧѧﺘﻌﻤﺎل اﻟﺠﺰﻳﺌﻴѧѧﻪ اﻻﺣﻴѧѧﺎء اﺧﺘﺒѧѧﺎرات ﺑﻮاﺳѧѧﻄﻪ آѧѧﻮﻻي
 اﻟﺘѧѧﻲ آѧѧﻮﻻي اﻻﺷﻴﺮﺷѧѧﻴﺎ ﻣѧѧﻦ ﻟﺨﻤѧѧﺴﻪ ﺑﺎﻟѧѧﺸﻴﻘﻴﻼ ﺸﺒﻴﻪاﻟѧѧ اﻟѧѧﺴﻤﻮم وﺟѧѧﻮد ﻻﺧﺘﺒѧѧﺎرﺧﻼﻳѧѧﺎ ﻓﻴѧѧﺮو  اﺳѧѧﺘﺨﺪﻣﺖ ، ﻟﻠﻤѧѧﺮض
 7H : 751O آѧﻮﻻي  اﻻﺷﻴﺮﺷѧﻴﺎ  وﺟﻮد ﻋﻦ ﻟﻠﻜﺸﻒ اﺟﺎر اﻟﺴﻮرﺑﻴﺘﻮل ﻣﺎآﻮﻧﻜﻲ اﺧﺘﺒﺎر اﺳﺘﺨﺪم . ﻋﺸﻮاﺋﻴﺎ اﺧﺘﻴﺮت
 .اﻟﻤѧﺴﺘﻌﻤﻠﻪ   ﻮﻳѧﺔ اﻟﺤﻴ اﻟﻤѧﻀﺎدات  ﻣѧﻦ  ﻟﺜﻤﺎﻧﻴѧﺔ  آѧﻮﻻي  اﻻﺷﻴﺮﺷѧﻴﺎ   ﺣѧﺴﺎﺳﻴﺔ  ﻣѧﺪى  دراﺳﺔ ﺗﻤﺖ و  ، اﻟﺒﺮاز ﻋﻴﻨﺎت ﻓﻲ
( ٪ 001 )آѧﻮﻻي  اﻻﺷﻴﺮﺷѧﻴﺎ  001 ﻣﻨﻬѧﺎ  ﻣﻌﻮﻳѧﻪ  ﻋﺰﻟﻪ431 اﻟﺒﺮاز ﻋﻴﻨﺎت ﻣﻦ اﻟﺒﻜﺘﻴﺮﻳﺎ ﻟﻠﻌﺰﻻت اﻹﺟﻤﺎﻟﻲ اﻟﻌﺪد ﺑﻠﻎ
 ﻟﻠﻌѧﺰﻻت  اﻟﻜﻠﻲ اﻟﻌﺪدآﺎن و .( ٪ 1 )هﺎﻓﻨﻴﺎ1 و( ٪ 8  )ﻣﺘﻘﻠﺒﻪ 8 ،و(  ٪ 7 )ﺳﺎﻟﻤﻮﻧﻴﻼ7،و(  ٪ 81 )آﻠﺒﺴﻴﻼ 81 ،و
 3و( %4.22 )آﻠﺒѧѧﺴﻴﻼ 51و ،(%3.73 )آѧѧﻮﻻي اﺷﻴﺮﺷѧѧﻴﺎ 52 ﻣﻨﻬѧѧﺎ ﻋﺰﻟѧѧﻪ 54 اﻟﻌﺠѧѧﻮل ﺷѧѧﺮب ﻣﻴѧѧﺎﻩ ﻋﻴﻨѧѧﺎت ﻣѧѧﻦ
 اﺷﻴﺮﺷѧﻴﺎ 11 ﻣﻨﻬѧﺎ ﻋﺰﻟѧﻪ71ﻓﻘѧﺪ ﺑﻠѧﻎ  اﻟﺤﻼﺑѧﻴﻦ أﻳѧﺎدي ﻋﻴﻨѧﺎت ﻣѧﻦ ﻟﻠﻌѧﺰﻻت اﻟﻜﻠѧﻲ اﻟﻌѧﺪد وأﻣѧﺎ(. %5.4 )ﺳѧﺎﻟﻤﻮﻧﻴﻼ
 RCP-CIRE اﺧﺘﺒѧѧﺎر ﺑﻮاﺳѧѧﻄﺔ اﻟﺘﺤﻠﻴѧѧﻞ اﺛﺒѧѧﺖ .(%2.81 )ﺳѧѧﺎﻟﻤﻮﻧﻴﻼ 4و( %1.9 )آﻠﺒѧѧﺴﻴﻼ 2 و،(%05 )آѧѧﻮﻻي
 اﻧѧﻮاع  3و اﻟﻤﻴѧﺎﻩ  ﻋﻴﻨﺎت ﻣﻦ ﺟﻴﻨﻴﻪ اﻧﻮاع 3و، اﻟﺒﺮاز ﻋﻴﻨﺎت ﻣﻦ ﺟﻴﻨﻴﻪ اﻧﻮاع ﺧﻤﺴﺔ وﺟﻮد آﻮﻻي ﺎاﻻﺷﻴﺮﺷﻴ ﻟﻌﻴﻨﺎت
 01 )952 و( ﺷѧﺮﻳﻂ  8 )682 ،( ﺷѧﺮﻳﻂ  6 )69 ]ﺟﻴﻨﻴѧﺔ  أﻧﻤѧﺎط  ﺛﻼﺛѧﻪ آﺎﻧѧﺖ و. اﻟﺤﻼﺑѧﻴﻦ  أﻳѧﺎدي  ﻣѧﺴﺤﺎت  ﻣѧﻦ  ﺟﻴﻨﻴѧﻪ 
 اﻳﺠﺎﺑﻴѧﺔ آﺎﻧѧﺖ اﺧﺘﺒﺎرهѧﺎ ﺗѧﻢ اﻟﺘѧﻲ  اﻟﻌѧﺰﻻت آѧﻞ. اﻟﺤﻼﺑѧﻴﻦ أﻳѧﺎدي و واﻟﻤﻴѧﺎﻩ اﻟﺒѧﺮازﻣѧﺸﺘﺮآﻪ ﺑѧﻴﻦ ﻋѧﺰﻻت  [(ﺷѧﺮﻳﻂ
دﻟѧﺖ . اﺟﺎر اﻟﺴﻮرﺑﻴﺘﻮل ﻣѧﺎآﻮﻧﻜﻲ  ﻻﺧﺘﺒﺎر ﺳﺎﻟﺒﻪ ﻧﺘﻴﺠﻪ اﺧﺘﺒﺎرهﺎ ﺗﻢ اﻟﺘﻲاﻟﻌﺰﻻت  آﻞ واﻋﻄﺖ .ﺧﻼﻳﺎ ﻓﻴﺮو رﻻﺧﺘﺒﺎ
، (%89 )ﺳѧѧѧﻠﻔﻴﺖ آﻮﻟﻴѧѧѧﺴﺘﻴﻦ  و،(%89 )ﻧﻴﺘﺮوﻓﻴﻮراﻧﺘѧѧﻮﻳﻦ ﻣѧѧѧﻦ ﻟﻜѧѧﻞ اﻟﺤѧѧѧﺴﺎﺳﻴﺔ ﻴѧѧѧﺔ اﻟﻌﻴﻨѧѧﺎت ﻋﺎﻟان اﻟﻨﺘѧѧﺎﺋﺞ ﻋﻠѧѧѧﻰ
 .اﻻﺧﺮى اﻟﺤﻴﻮﻳﺔ اﻟﻤﻀﺎدات ﻟﺒﻘﻴﺔ ﻣﻘﺎوﻣﺔ و (%28 )آﻮﺗﺮاﻳﻤﻮآﺴﺎزول و( %78 )ﺟﻨﺘﺎﻣﻴﺴﻴﻦ
 اﻻﺷﻴﺮﺷѧﻴﺎ هѧﻲ اﻟﻌﺠѧﻮل ﺑﺎﺳѧﻬﺎل اﻟﻤﺮﺗﺒﻄѧﺔ و ﺷѧﻴﻮﻋﺎ اﻷآﺜѧﺮ اﻟﺒﻜﺘﻴﺮﻳѧﺎ انﻧﺘѧﺎﺋﺞ هѧﺬﻩ اﻟﺪراﺳѧﻪ اﻟѧﻰ اﺷѧﺎرت 
 وهѧﺬا ﻳѧﺸﻴﺮ اﻟѧﻰ وﺟѧﻮد ﻦاﻟﺤﻼﺑѧﻴ  أﻳѧﺎدي  و واﻟﻤﻴѧﺎﻩ  اﻟﺒѧﺮاز  ﻋѧﺰﻻت  ﺑѧﻴﻦ  ﻣѧﺸﺘﺮآﻪ  ﺟﻴﻨﻴﻪ اﻧﻤﺎط ﺛﻼﺛﺔ ﺣﺪدت و آﻮﻻي
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 ﻓѧﻲ  اﻻﺳѧﻬﺎل   وﺑﺎﺋﻴѧﻪ  دراﺳѧﻪ  ﻓѧﻲ  RCP-CIREأﺧﺘﺒѧﺎر  ﺴﺎﻋﺪورﺑﻤѧﺎ ﻳѧ .  ﺑﻴﺌѧﻪ اﻟﻤﺰرﻋѧﻪ ﻋﻼﻗﻪ ﺑﻴﻦ اﺳﻬﺎل اﻟﻌﺠﻮل و 
 . آﻮﻻي اﻻﺷﻴﺮﺷﻴﺎ اﻟﺬي ﺗﺴﺒﺒﻪ اﻟﻌﺠﻮل
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INTRODUCTION 
Diarrhoea describes loose stools and watery bowel movements, 
sometimes accompanied by unusual stool color, odor, frequency and 
volume. Diarrhoea is a symptom of underlying causes, and not an 
independent health condition. Infectious diseases can be either acute or 
chronic causes of diarrhoea (Beers and Berkow, 1999). 
With scours, the intestine fails to absorb fluids and/or secretion 
increases, and the material is passed into the small and large intestines. 
These higher fluid levels in the manure result in a watery discharge. Death 
loss can be upwards of 50% or more in severe episodes. Scours is actually 
just the symptom of a disease that can be caused by many different bacteria 
and viruses.  
Disease results when management and environmental conditions favor 
their transmission and the calf's resistance is reduced. In fact many of these 
organisms are present on many, if not most farms (dairy and beef) but may 
not cause enough loss to be recognized until conditions are favorable for an 
outbreak of scours. When a scour outbreak occurs, producers often focus a 
great deal of labor and money on treatment of calves with fluids and 
antibiotics, but the environment may not be recognized as an important part 
of the problem. Once the first case of scours develops, even a clean 
environment often becomes extremely contaminated very quickly. Calves 
with E. coli scours may be shedding billions of bacteria in a single stool 
(Shulaw, 2000). Environmental survival of Escherichia coli may play an 
important role in the persistence and dissemination of this organism on farm 
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(Lejeune et al., 2001). Many of the losses caused by scours can be prevented 
through good management practices (Radostits, 2001). 
There are multiple adverse contributing factors involved in 
precipitating this disease syndrome which vary from time to time and from 
area to area, but the pathogenesis of E. coli diarrhoea of newborn calves 
remains the same (Robert, 1965). Escherichia coli is a major cause of 
economic loss to the producer because of costs associated with therapy, 
reduced performance and high morbidity and mortality rates (Holland, 
1990). 
 Mortality rate among calves in Sudan was estimated to be 10% and in 
some months it may reach 100% due to diarrhoea and was considered the 
major cause of ecconomic loss in intensive, modern and conventional 
farming systems (Ali, 2000). 
This study was carried out to:  
1- Isolate and identify E.coli associated with calf diarrhoea. 
2-Study the relationship between E.coli isolated from diarrhoea calf and that 
isolated from possible scources of infection using ERIC-PCR technique. 
3-Investigate the occurrence of Shiga-like toxin- producing E.coli (STEC) in 
calves with diarrhoea. 
4-Detect occurrence of E.coli O157:H7 in calves with diarrhoea. 
5-Determine susceptibility of isolated E.coli to the commonly used 
antibiotics.  
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CHAPTER ONE 
LITERATURE REVIEW 
1.1 Neonatal calf diarrhoea 
Neonatal diarrhoea of calves is a major cause of economic loss in 
rearing young calves. Calf scours or calf diarrhoea causes more financial 
loss to cow-calf producers than any other disease related problem they 
encounter. Diarrhoea was defined as that condition in which the feces 
contained less than 10% dry matter. Calf scours is not a disease; it is a 
clinical sign of a disease which can have many causes. The best description 
of what actually takes place is that the intestine fails to absorb fluids and/or 
fluid secretion into the intestine is increased. Consider this: a calf is 
approximately 70 percent water at birth. Loss of body fluids through 
diarrhoea can produce extremely rapid dehydration. Dehydration and the 
loss of certain body salts (electrolytes – these include potassium, sodium, 
chlorine, etc.) produce a change in body chemistry and can cause severe 
depression in the calf. Although infectious agents (bacteria, viruses) may be 
the cause of primary damage to the intestine, death from scours is usually 
due to loss of electrolytes, changes in body chemistry, dehydration, and 
change in the delicate pH balance that is normal in the body (Oxender et al., 
1973). 
Acres et al. (1975) studied diarrhoea in beef calves from birth to 10 
day of age, they concluded that, there was no consistent pattern of onset or 
duration of diarrhoea in calves which excreted different infectious agents. 
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1.1.1 Etiology of neonatal calf diarrhoea 
 There are many pathogenic microorganisms associated with diarrhoea 
in calves. These agents are quite similar to those found in cattle, but with 
some differences in their relative importance to calves. Also, the ages at 
which calves are susceptible to specific organisms are not as well defined as 
they are in cattle, when identifying organisms harmful to calves it is 
important to remember that the mere presence of organisms often does not 
result in diseased animals. Additional risk factors are frequently needed for 
clinical disease to occur.                                                   
Infectious agents play a major role in neonatal calf diarrhoea (Hudson 
et al., 2001). Different forms were encountered, these include: 
1. Viral scours: These are rota viruses, corona viruses and bovine virus 
diarrhoea (Acres et al., 1975; Tzipori, 1985; Hudson et al., 2001). 
2. Bacterial scours: Enterotoxgenic E.coli (ETEC), Clostridium perferingens 
type B, C and D, Salmonella spp., Mycobacterium avium, Proteus spp. and 
Pseudomonas spp (Radostits et al., 1994; Aiello and Mays, 1998).  
3. Protozoa: Eimeria spp. and Cryptosporidium spp (Tzipori et al., 1980).        
 However, causes of scours may be nutritional ones (Wattiaux et al., 
2005). 
1.1.2 Pathogenesis of diarrhoea  
Diarrhoea is a clinical sign of alimentary tract dysfunction. One of the 
major mechanisms by which the intestina1 tract of a newborn calf reacts to 
pathogenic bacteria or viruses or indigestible dietary nutrients is 
hypersecretion and a relative lack of intestinal absorption which results in a 
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loss of fluids, electrolytes, and nutrients, and the net effect is diarrhoea 
(Radostits, 1974).  There are major net losses in sodium and bicarbonate 
ions and water which ultimately lead to a state of metabolic acidosis and 
dehydration. This becomes progressively worse as diarrhoea continues. The 
time required for severe changes can vary from a few hours to a few days 
after onset of the diarrhoea (Tennant et al., 1972). In addition to the loss of 
electrolytes and fluids, calves affected with diarrhea do not consume normal 
quantities of milk and digestibility of all nutrients is markedly decreased. As 
the diarrhoea continues there is net loss of all nutrients and a continuous loss 
in body weight, Blaxter and Wood (1953) called this state of negative 
nutrient balance "physiological starvation". 
1.1.3 Morbidity and Mortality 
Curtis et al. (1988) found that the crude incidence rate for diarrhoea 
within 14 days of birth was 9.9 per 100 calves, and for diarrhoea from 15 to 
90 days of age, 5.2 per 100 calves. A seasonal effect of diarrhea occurred 
within 14 days of birth; morbidity was higher in winter than in summer. 
Calves were at highest risk for diarrhoea during week 1 of life; the risk 
declined to a low level after 4 week of age.  
Waltner- Towes et al. (1986) found that the incidence rate of diarrhea 
in calves peaked at week 2 of life and that diarrhea occurred with greater 
frequency during the winter and reached a second peak in July. In addition, 
they found that farm policies on antidiarrheal vaccination, free-choice salt 
offered to calves, age at weaning from teats, type of calf housing, and use of 
preventive antimicrobials significantly altered the odds of diarrhea rates 
greater than median. 
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 Reasons for the high mortality are commonly difficult to identify but 
include: inadequate colostrum intake, high stocking rate in the calf barn, 
concentrated calving frequency resulting in a high percentage of susceptible 
calves in a highly contaminated calf barn, a newly-introduced entero-
pathogenic serotype of E.coli or Salmonellae spp. to which the cows and, 
hence, the calves have no immunity, the use of inferior milk replacers, and 
inadequate calf management (Roy and Ternonth, 1972). 
  Scours in calves typically follows periods of cold, wind, and 
precipitation. The increased stress of maintaining body temperature and 
other body functions during poor weather, or unsuitably wet ground 
conditions renders the calf susceptible to infection. Calves have difficulty in 
finding dry places to hide and may crowed at suitable areas of dry cover, 
increasing contamination in those areas. There are several risk factors for 
calves' scours. Most are conditions associated with increased probability of 
an outbreak of scours in other ruminant species and it is likely that they also 
apply to calves (Acres and Radostits, 1985).  
  Livestock density, over-stocking or crowding for long periods of 
time is a well known and critical factor increasing the incidence of any 
disease, especially calf scours. High stocking density in a small confined 
area not only increases direct contact between individual animals permitting 
the direct spread of disease, but also increases the level of contamination in 
the area from animals shedding diarrhea causing organisms (Acres and 
Radostits, 1985).  
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1.2 Enterobactria  
Intestinal infections which occur in man and animals are commonly 
caused by Gram-negative rods which do not form spores. These bacteria are 
inhabitants of colon and rectum and play an important role in the digestive 
phenomena. They are known under the collective name enterobacteria and 
classified under the family Enterobacteriaceae (Buxton and Frazer, 1977). 
The Enterobacteriaceae includes the following tribes: 
                                  Tribe I: Eschericheae. 
                                  Tribe II: Klebsielleae. 
                                  Tribe III: Proteusae. 
                                  Tribe IV: Yersinieae. 
                                  Tribe V: Erwiniaeae. 
The tribe Eschericheae includes five genera: (Koneman et al., 1992). 
                                  Genus I: Escherichia.  
                                  Genus II: Edwardsiella. 
                                  Genus III: Citrobacter. 
                                  Genus IV: Salmonella. 
                                  Genus V: Shigella.  
The genus Escherichia includes the following species according to the 
system of nomenclature adopted by Centres for Disease Control (CDC, 
2005):  
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                                    1- E.coli. 
                                    2- E.coli inactive. 
                                    3- E.hermannii. 
                                    4- E.fergusonii. 
                                    5- E.vulneris. 
                                    6- E.blattae. 
                                    7- E.adecarboxylata. 
1.2.1 Escherichia coli    
E. coli is a member of the family Enterobacteriaceae (Ewing, 1986). 
Although most strains of E. coli are not regarded as pathogens, they can be 
opportunistic pathogens that cause infections in immunocompromised hosts. 
There are also pathogenic strains of E. coli that when ingested, cause 
gastrointestinal illness in healthy humans (Feng et al., 2007).   
E.coli is the most common species of facultative anaerobe found in 
the gastrointestinal tract and the most commonly encountered pathogen in 
the Enterobactericeae family (Donnenberg, 2005), although most strains are 
harmless. E.coli has been found in the intestines of healthy cattle, deer, 
goats, and sheep (CCID, 2006).  E.coli can cause diarrhoeal illness as well as 
numerous other types of infections including urinary tract infections, 
meningitis particulary in neonate's sepsis, wound infections, noscomial 
pneumonia, cellulitis, osteomyelitis, septic arthritis and others.  
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1.2.1.1 Synonyms and history  
Escherichia coli was first described in 1885 by the German 
bacteriologist Theodore Escherich, and was then named Bacterium coli 
commune. The bacterium was isolated from feces of healthy infants. Until 
the 1950's the organism was more or less regarded as a normal non-
pathogenic cohabitant of the enteric tract of warm-blooded animals and 
humans. However, during the last four – five decades, tremendous amount 
of research has established E.coli among the important etiological agents of 
enteritis and several extraintestinal diseases such as urogenital infections, 
wound infections, mastitis, septicaemia and meningitis (Wasteson, 2002).   
1.2.1.2 Microbiologic characteristics  
 E.coli organisms have the following characteristics: Gram – negative 
rod – shaped bacilli, 1 to 3 microns long and 0.5 microns in diameter, non-
spore forming and facultative anaerobes. Most strains are motile, and 
movement is by pritrichous flagella and attach to cell surfaces by fimbriae. 
More than 175O antigens and 53 H antigens have been recognized but only a 
few serotype combinations are associated with diarrheal disease (Benner et 
al., 2003; Kaper et al., 2004).  
Physiologically, E.coli is versatile and well adapted to its 
characteristic habitats. It can grow in media with glucose as the sole organic 
constituent. Wild–type E.coli has no growth factor requirements and 
metabolically it can transform glucose into all of the macromolecular 
components that make up the cell. The bacterium can grow in the presence 
or absence of O2 or under anaerobic conditions. 
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Escherichia coli is part of the normal flora of the mouth and gut and 
helps protect the intestinal tract from bacterial infection, aids in digestion, 
and produces small amounts of vitamins B12 and K (Feng et al., 2007).  
Escherichia coli can be transmitted by water, milk, food, or flies and 
other insects. Mutations can lead to strains that cause diarrhea by giving off 
toxins, invading the intestinal lining, or sticking to the intestinal wall. The 
illness is usually self-limiting, with no evidence of long-lasting effects. 
However, one dangerous strain causes bloody diarrhea, kidney failure, and 
death in extreme cases (Feng et al., 2007).  
An E.coli infection may arise due to environmental exposure. 
Infections with this type of bacteria pose a serious threat to public health 
with outbreaks arising from food and water that has been contaminated with 
human or animal feces or sewage. This type of bacteria has been used as a 
biological indicator for safety of drinking water since the 1890s (Feng et al., 
2007).  
1.2.1.3 Genome structure 
The chromosome of E.coli is composed of a single cyclic DNA 
molecule containing 4-5 million base pair and is about 1nm long. The length 
of the chromosome is 1000 times longer than the entire bacterial cell. E.coli 
contains one single chromosome which is made of DNA that comprises 
purine and pyrimidine bases (Glass, 1982).  
Several strains of E. coli have been sequenced and studied in detail. E. 
coli K-12 was the earliest organism to be suggested as a candidate for whole 
genome sequencing.  It has a single circular chromosome with 4,639,221 
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base pairs and 4288 protein-coding genes. Of these protein-coding genes, 
38% have no attributed function. E. coli K-12's genome, like other E. coli 
genomes, has a 50.8% G+C content. Genes who coded for proteins account 
for 87.8% of the genome, stable RNA-encoding genes make up 0.8%, 0.7% 
is made of noncoding repeats, and about 11% are for regulatory and other 
functions (Blattner et al., 1997).  
1.2.1.4 Strains   
A "strain" of E. coli is a group with some particular characteristics 
that make it distinguishable from other E. coli strains. These differences are 
often detectable only on the molecular level; however, they may result in 
changes to the physiology or life cycle of the bacterium, for example leading 
to pathogenicity. Different strains of E. coli live in different kinds of 
animals, so it is possible to tell whether fecal material in water came from 
humans or from birds, for example, new strains of E. coli arise all the time 
from the natural biological process of mutation, and some of those strains 
have characteristics that can be harmful to a host animal. Although in the 
most healthy animals such strain would probably cause no more than a bout 
of diarrhea, and might produce no symptoms at all in young calf, an 
unfamiliar strain can cause serious illness and even death (Feng et al., 2007; 
Tauschek et al., 2002). 
1.2.1.5 E.coli serotypes  
Escherichia coli, like many other enterobacteria, contains numerous 
serotypes some of which are associated with certain conditions in man and 
in animals, some are particularly associated with diarrhoeal disease (Rowe 
and Gross, 1985; Sojka and Morris, 1985).  
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The total number of serotypes is very high (Koneman et al., 1992). 
The serotyping scheme is based on three types of antigen; the somatic (O) 
antigen, the capsular (K) antigen and the flagellar (H) antigen. The (K) 
antigens were subdivided into three types depending on their heat-
sensitivity. The number of (O) antigens has reached 173, (K) antigens 103 
and (H) antigens 56 (Kauffman, 1947). 
1.2.1.5.1 The somatic (O) antigens 
These are composed of lipopolysaccharides complexes, which are part 
of the wall structure of the E.coli. It is the immunogenicity of the 
polysaccharide repeating units which gives the (O) antigens their specificity.  
Serogroups from septicaemic and enteric colibacillosis in calves 
are ; O8; O9; O15; O20; O26; O35; O78; O86; O101; O115; O117 and 
O119  (Kauffman ,1947). 
1.2.1.5.2 The capsular (K) antigens  
These are mainly acidic polysaccharide and were initially divided into 
K antigens of type A, B or L. Particularly important are the K88 and K99 
antigens associated with diarrhoeagenic strains from pigs (K88, K99) and 
calves and lambs (K99) (Lovell, 1937).   
1.2.1.5.3 The flagellar (H) antigens  
Their antigenic diversity is based on the different types of flagellin 
present as part of the flagellar structure. Those strains not developing 
motility are designated non-motile (NM) or H- (Ellaithi, 2004). 
 
13 
 
1.2.1.6 Polymerase chain reaction (PCR)  
Various researchers have used PCR techniques to screen broth 
enrichment cultures for the presence of O157:H7; often, the primers are 
specific for the shiga-like toxin genes or not specifically for O157:H7. 
Although used for primers specific for the H7 flagellum shows promise for 
improved analytical specificity (Mc Donough et al., 2006).  
 PCR analysis for screening drinking water and environmental 
samples has been reported and has been utilized to identify E.coli in primary 
water specimens, stool specimens, and outbreaks. In contrast isolation of 
E.coli O157:H7 from water and other environment samples is laborious. 
Culture is problematic due to large numbers of other flora that either 
overgrow or mimic the nonsorbitol-fermenting E.coli O157:H7 (Bopp et al., 
2003).  
López-Saucedo et al. (2003) developed and tested a single multiplex 
polymerase chain reaction (PCR) that detects enterotoxigenic, 
enteropathogenic, enteroinvasive, and Shiga toxin–producing Escherichia 
coli. This PCR is specific, sensitive, and rapid in detecting target isolates in 
stool and food.  
1.2.1.7 Epidemiology of E.coli          
In the epidemiology of Shiga like toxin producing E.coli in cattle 
environment different factors may play a role e.g. the age of cattle, diet, feed 
and water sources, animal density, season, wildlife exposure, geographical 
region, as well as management factors (Shere et al., 2002).      
 
14 
 
1.2.1.7.1 Animal reservoirs               
Dairy farms have been identified as reservoirs of E. coli. Prevalence 
of this bacterium on dairy farms is less than 5% and usually less than 1%. 
Gastrointestinal tracts of well-fed cattle are less conducive to growth of E. 
coli than cattle deprived of feed (Gerald and Jones, 1999). The numbers of 
E.coli O157:H7 in bovine faeces range from 2.0×10² to 8.7×102 bacterial 
cells per gram (Cobbold and Desmarchelier, 2002).                   
Cattle shed STEC intermittently and seasonally and carriage within 
cattle appears to be transient and episodic. The magnitude of shedding of 
STEC among cattle increasing during summer. The shedding is greatest 
during the first two weeks post inoculation and decreases but it can persist 
for as long as two years (Twardon et al., 2005). Calves and heifers shed 
highest numbers of STEC for a long duration (Cornick et al., 2000).  
1.2.1.7.2 E.coli contamination associated with dairy cattle water troughs 
Livestock drinking water was analyzed for coliform bacteria and other 
microorganism to determine quality.Widespread contamination of water 
sources on farms seems to be one of the most important factors influencing 
the persistence of ETEC among cattle (Mohamed, 2006). Drinking water is 
an important source of the bacterium in a herd. Once drinking water 
becomes positive, cattle that drink the water begin shedding the organism 
and it quickly spreads to other nearby cattle. Contaminated drinking water 
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contains relatively few cells of the pathogenic E.coli. E.coli O157:H7 can 
hang around a farm for a long time, moving from animal to animal and 
through water back into the same animals again (Kaspar et al., 1998). Water 
offered to livestock is often of poor microbiological quality, and E.coli is 
present in as many as 10 % of troughs (Faith et al., 1996). O157 STEC can 
survive in water, faeces, or sediment from drinking troughs for several 
months (Scott et al., 2006).  
A number of E.coli outbreaks have been linked to contaminated water; 
furthermore, studies have demonstrated the ability of the pathogen to survive 
for extended periods in water. Cattle in an adjacent field were implicated as 
the source of E.coli (Solomon et al., 2002). E.coli strains surviving more 
than 6 month in contaminated microcosms were infectious to a group of 10 
weeks old calves. Fecal excretion of E.coli by these calves persisted for 87 
days. Water trough sediments contaminated with feces from cattle excreting 
E.coli may serve as a long – term reservoir of this organism on farms and a 
source of infection for cattle (Jeffery et al., 2001).  
Observational studies have shown association between the presence of 
E.coli in cattle water troughs and the infection status of cattle. The troughs 
can act as long –term reservoirs of the organism with a real potential for 
infection of cattle weeks or months later (Jeffrey et al., 2001). A positive 
association between drinking water contaminations with E.coli O157:H7 and 
the presence of this organism in cattle feces has been reported (Davis et al., 
2005). Water sources for cattle are frequently contaminated with relatively 
high numbers of generic E.coli, and water troughs can be reservoirs and 
vehicles for dissemination of E.coli O157:H7 (Lejeune et al., 2001). 
Microorganisms can contaminate water in wells. However, bacterial 
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contamination is much more likely to occur in the drinking vessel, so 
keeping water troughs clean is a must (FAO, 2000). 
 
1.2.1.8 Transmission of diarrheagenic E.coli strains              
The primary mode of transmission for enteric pathogens is the fecal-
oral route. Because animal fur, hair, skin, and saliva can become 
contaminated with fecal organisms, transmission might occur when animal 
pet, touch or are licked by another animals (Keen and Elder, 2002; Varma et 
al., 2003).    
Contamination of drinking troughs may originate from the water 
source or occur following faecal contamination or often, following oral 
contamination of the drinking water by cattle carrying STEC in their tonsils 
(Kaspar et al., 1998).  
1.2.1.9 Pathogenesis of E.coli   
Escherichia coli is the most known and studied Escherichia pathogen 
(Abbott et al., 2003). Several pathogenic strains can cause specific illness in 
healthy and immuno compromised individuals (Quadri et al., 2005). 
Nonpathogenic E. coli is generally confined to the intestinal lumen but may 
cause infection in a debilitated or immuno suppressed host or when the 
bacteria are introduced to other tissues. Other strains of E. coli, however, can 
cause infection even in a person who otherwise perfectly healthy. The three 
general clinical syndromes caused by pathogenic E. coli strains are urinary 
tract infection, sepsis/meningitis, and enteric/diarrheal disease (Nataro et al., 
1998). 
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Most strains of septicaemic E.coli belong to certain serogroups and 
have special virulence properties which enable them to resist the defence 
mechanisms that would normally eliminate other E.coli. Septicaemic strains 
produce an enterotoxin which results in shock and rapid death, usually in 
calves of less than 5 days of age that are agammaglobulinaemic due to 
failure of passive transfer of colostral immunity (Ellaithi, 2004).  
 General steps in the pathogenic process include (Donnenberg, 2005; 
Kaper, 2004): Ingestion which is followed by bacterial attachment via pili 
fimbriae, or fibrils. This results in colonization of the ileal mucosa, then 
expression of bacterial mechanisms to allow evasion of host defenses and 
finally multiplication of bacteria and damage of host tissue.   
The infection strategy of E. coli is to colonize a mucosal site, evade 
host defenses, multiply, and damage the host. All diarrheagenic strains can 
colonize the intestinal mucosal surface despite peristalsis and competition 
for nutrients by the indigenous flora of the gut. Pathogenic and 
nonpathogenic E. coli bacteria have surface adherence fimbriae, but 
diarrheagenic E. coli strains have specific fimbrial antigens that adhere to the 
small bowel mucosa, a site that is normally not colonized. The three general 
ways in which E. coli may cause diarrhoea is by enterotoxin production, 
invasion, and/or intimate adherence with membrane signaling (Nataro et al., 
1998).  
Virulence attributes of enterotoxigenic E.coli include the adhesion of 
their pili or fimbriae to intestinal epithelial cells to prevent peristaltic 
elimination by the gut, and the production of STa and LT entrotoxins (Quinn 
et al., 2001).  
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The septicaemic strains are invasive and commonly cause rapid death 
due the effect of septicaemia. The major virulent factors of enterotoxigenic 
strains of E.coli in calves are the k99⁺ adhesive antigen and the ST 
enterotoxin (Mainil et al., 1990). The colonization in the small intestine of 
calves by K99⁺ ETEC appears to be site specific, having a predilection for 
the ileum; the mechanism of attachment to the receptors is complex (Acres 
and Radostits, 1985). A K99⁺ related fimbrial antigen occurs in some 
enterotoxigenic and septicaemic strains (Girardeau et al., 1988).   
1.3 Colibacillosis 
1.3.1 Septicemic colibacillosis    
Disease most commonly occurs in the first 2 weeks of life. Neonates 
show sign of progressive depression and inappetence, followed by watery 
diarrhoea. Signs of sepsis such as fever (more protracted cases), hypothermia 
(peracute and terminal cases), scleral injection, mucous membrane 
abnormalities, and tachycardia occur commonly. Disease progression 
depends on the virulence of the E. coli serotype and the vulnerability of the 
patient, For example, calves with complete failure of passive transfer can 
develop coma and death within 6 hours of the onset of clinical signs. In more 
slowly progressing cases, bacteremia can result in signs of meningitis, and 
synovitis. Prognosis is guarded to poor for survival. Opportunistic E. coli 
organisms invade through umbilical (most common), nasal, or 
oropharyngeal routes. Clinical signs develop approximately 24 hours after 
inoculation. Risk factors: complete or partial failure of passive transfer, and 
exposure to a serotype of E. coli that is able to invade into the bloodstream 
and rapidly multiply (Williamson, 2002).  
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1.3.2 Enteric colibacillosis 
Diarrhoea typically occurs in the first 7 days of life. The feces are 
fluid or pasty in consistency, and are typically white-to-pale yellow in color. 
Hence the lay person description was "white scours”. The tail and 
hindquarters are heavily soiled with feces. Affected calves become weak, 
depressed, and anorectic as their fluid deficits and electrolyte/ acid-base 
disturbances worsen. Affected animals either recover or die within 5 days. 
Calves and lambs that fail to ingest adequate amounts of colostrum are most 
at risk. Chilling, crowding, and dirty pathogen-rich environments increase 
susceptibility to disease. Enteric colibacillosis is caused by strains of E. coli 
that are enterotoxigenic (Williamson, 2002).                
E.coli can cause diarrhoea by at least six different mechanisms, and 
each type is associated with a different pathotypes and different virulence 
determinants (Donnengberg, 2005). The six recognized pathotypes for 
diarrheagenic E. coli are as follows (Tauschek et al., 2002): Entropathogenic 
E.coli (EPEC), entrohemorrhagic E.coli (EHEC), also known as Shiga toxin-
producing E.coli (STEC) or, Verotoxigenic (VTEC), enterotoxigenic E.coli 
(ETEC), enteroinvasive E.coli (EIEC), diffusely adifferent E.coli (DAEC), 
and enteroaggregative E. coli (EAggEC). 
1.3.2.1 Enterotoxigenic E.coli (ETEC)  
ETEC strains are a major cause of infantile diarrhoea that can range 
from a mild, self-limting illness to a severe purging disease similar to 
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cholera in developing countries, are frequently associated with traveler's 
diarrhoea and diarrhoea in the very young animals (Wasteson, 2002).  
Enterotoxigenic E. coli (ETEC) have two pathogenic weapons; 
Attachment factors (pili) that allow them to attach to the small intestinal 
brush border, and an enterotoxin that causes crypt cells to hypersecrete fluids 
and electrolytes (López-Saucedo et al., 2003). ETEC strains produce heat-
labile (LT) and / or heat-stable (ST) enterotoxin, and strains may express 
either or both (Quadri et al., 2005). LTs are related to cholera enterotoxin 
and provoke diarrhoea by activating the main chloride channel and by 
simulating prostaglandin synthesis and the enteric nervous system, both of 
which can stimulate secretion and inhibit absorption. ST is a small peptide 
that resembles a mammalian peptide hormone   (guanylin) and binds to the 
guanlin receptor. This result in elevation of cyclic AMP, which through a 
series of steps, leads to secretion of chloride (Guerrant and Steiner, 2005). 
Colonization is mediated by one or more proteinaceous fimbrial or 
fibrillar colonization factors (CFs) that are designated by colonization factor 
antigen (CFA). ETEC adhesins are fimbriae which are species – specific. 
ETEC is not regarded as azoonotic agent (Wasteson, 2002). For example, 
the K88 fimbrial A, is found on strains from piglets, K99 A, is found on 
strains from calves and lambs; CFA I, and CFA II, are found on strains from 
humans. These fimbrial adhesins adhere to specific receptors on entrocytes 
of the proximal small intestine. .  
 The contaminated food or water (primarily a disease arising from 
failure of sanitation) is the reservoir for ETEC. The incubation period is 1-3 
days and the clinical signs are watery diarrhoea. Diarrhoea lasts 3 – 7 days 
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but can be protracted. The stool does not contain leukocytes, mucus or 
blood. Fever is usually absent. Detection of toxin – producing E.coli in stool 
is the diagnostic features (CDC, 2004).                 
Several nosocomial outbreaks of  in Houston have been identified. 
Person-to–person spread also can occur (Gordillo et al., 1992).  
1.3.2.2 Enteropathogenic E.coli (EPEC)                 
In 1979, Cravioto et al. reported that most enteropathogenic E. coli 
(EPEC) adhered to HEp-2 cells in culture and that the adherence phenotype 
could be used to differentiate EPEC (Nataro et al., 1998). 
EPEC causes non bloody diarrhea in infants. The most important 
virulence factor of EPEC strains is their ability to induce attaching and 
effacing lesions in cells to which they adhere and thereby invade epithelial 
cells. In developing countries infection with EPEC strains is a major cause 
of diarrhoea in children. As for ETEC, drinking water contaminated with 
human waste and sewage is an important source of infection with EPEC 
(Maule, 1999). EPEC can be isolated on routine media and serotyped using 
specific antisera. These strains are not commonly detected in developed 
countries (Koneman et al., 1992). 
The reservoir of EPEC is the people intestinal tract. The clinical signs 
of EPEC are severe acute diarrhea, low – grade fever, may be persistent and 
protracted resulting in weight loss malnutrition and death. The detection of 
organism is by PCR or DNA probes for bfp or eae genes or tissue culture 
assay for local adherence (CDC, 2004).The major mode of transmission is 
person–to–person contact. 
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1.3.2.3 Enteroaggregative E.coli (EAggEC)                     
The distinguishing feature of EAggEC strains is their ability to attach 
to HEP-2 cells in an aggregative manner. These strains are associated with 
persistent diarrhea in young children. They resemble ETEC strains in that 
the bacteria adhere to the intestinal mucosa and cause non-bloody diarrhea 
without invading or causing inflammation. This suggests that the organisms 
produce a toxin of some sort. Recently, a distinctive heat-labile plasmid-
encoded toxin has been isolated from these strains, called the EAST 
(EnteroAggregative ST) toxin. They also produce a hemolysin related to the 
hemolysin produced by E. coli strains involved in urinary tract infections. 
The role of the toxin and the hemolysin in virulence has not been proven. 
The significance of EAggEC strains in human disease is controversial 
(Donnerberg and Whittam, 2001; Todrak, 2002).    
The clinical signs of EAEC are emerging infections of limited clinical 
descriptions, but may be associated with intestinal colic, bloody stool and 
mucus. The diagnosis is difficult, confirmation is by tissue culture adhesion 
assays, DNA and PCR tests lack sufficient sensitivity and specificity 
(Donneberg, 2005). 
EAEC, several nosocomial outbreaks have been identified, but the 
mechanisms of transmission were not clear (Nataro and Kaper, 1998). 
1.3.2.4 Entero invasive E.coli (EIEC)  
EIEC strain cause disease in humans similar to the disease caused by 
infections with Shigella spp. In contrast to the other E.coli pathogenicity 
groups, these strains are able to invade and multiply within colonic epithelial 
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cells. Most strains are nonmotile and non or late– lactose fermenters and can 
be identified by serogrouping or testing for invasiveness.  
EIEC invade colonic epithelial cells, lyse the phagosome, multiply 
intracellularly and move through the cell via nucleating actin 
microfilaments, move laterally through the epithelium via direct cell – to – 
cell spread , or exit and reenter the basolateral plasma membrane (Kaper et 
al., 2004).  
The clinical features are usually present as watery dysentery with 
bloody diarrhea, fever and abdominal cramps illness is similar to shigella 
infection. The diagnostic feature are isolation of some serotype from stool  
of two or more ill animals, PCR or DNA probes for inv genes , and testing 
performed by reference or research laboratories (Donnenberg, 2005).  
1.3.2.5 Shiga (vero) toxin – producing E.coli (STEC / VTEC)  
Verocytotoxin (VT)-producing Escherichia coli (VTEC) are a newly 
recognized group of enteric pathogens which are increasingly being 
recognized as common causes of diarrhea in some geographic settings 
(Karmali, 1989). 
Shiga-like toxin- producing E.coli (STEC) are a world wide cause of 
human infections. Food-borne outbreaks caused by STEC can affect large 
numbers of people making E.coli strains of the most important emerging 
pathogens. The majority of outbreaks of STEC etiology have been the 
results of transmission via fecal samples of healthy cattle (Twardon et al., 
2005). STEC strains have been recovered from faces or intestines of a wide 
range of both domesticated and wild animals and birds.  However, its role as 
24 
 
the causative agent of disease has only been demonstrated in cattle "calf 
dysentery" (Maule, 1999). In most animals, the organism may be carried and 
excreted by the animals in the absence of disease. Cattle have been 
recognized as the most important vector in relation to human infection. 
However, strains of one subset of STEC are responsible for oedema disease 
in pigs and another group of STEC cause dysentery in young calves 
(Fairbrother and Nadeau, 2006).                  
E.coli shiga toxins consist of two families ; stx1 , a homogenous 
group of toxins virtually identical to the shiga toxin of S dysenteriae and Stx 
2 , a heterogeneous group of toxin more distantly related to the shiga toxin 
(Wasteson , 2002). Escherichia coli strains belonging to over 200 serotypes 
can express Stx, but within most serotypes both Stx-positive and Stx-
negative strains can be found (Nataro et al., 1998). A number of Stx2 
variants have been described, all of which are distinguishable by PCR. 
Additional virulence – associated properties have been described, such as the 
production of attaching, effacing lesions and the secretion of plasmid – 
mediated hemolysins (Wasteson, 2002).  
The ability of zoonotic STEC to survive and persist in faeces, manure, 
and soil in the environment can be considered as a risk factor for the 
infection of animals and humans. It has been shown that O157 STEC can 
survive for several months in water or sediment from drinking troughs. 
These bacteria can also survive for long periods in cattle faeces, particularly 
when the moisture content remains high (Wang et al., 1996) and in cattle or 
sheep manure piles and manure slurry (Kudva et al., 1998). 
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Outbreak studies indicate that most patients with VTEC infection 
develop mild uncomplicated diarrhea. However, a significant risk of two 
serious and potentially life-threatening complications, hemorrhagic colitis 
and the hemolytic uremic syndrome, makes VTEC infection a public health 
problem of serious concern. The main reservoirs of VTEC appear to be the 
intestinal tracts of animals, and foods of animal (especially bovine origin) 
are probably the principal sources for human infection. Individual VTEC 
strains elaborate one or both of at least two serologically distinct, 
bacteriophage-mediated Vts (Vt1 and Vt2) which are closely related to Shiga 
toxin and are thus also referred to as shiga-like toxins (Karmali,1989).  
1.3.2.6 Diffusely adherent E.coli (DAEC)  
Organisms elicit a characteristic diffuse aggregative pattern of 
adherence to HEp-2 cells. Strains induce a cytopathic signal transduction 
effect in the small bowel enterocytes that is characterized by the growth of 
long finger-like cellular projections that wrap around the adherent bacteria.  
The diagnostic features are tissue culture assay for diffuse adherence 
(CDC, 2004). It has been associated with acute dirrhoea in man (Okeke et 
al., 2000). They are identified only by their property of adherence to HEp-2 
cells. They don’t elaborate LT, STa or shiga like toxins, invade epithelia 
cells, or possess attaching effacing factor (AEF) plasmids.  
DAEC, modes of transmission have not been clarified, risk factor for 
infection include: Consumption of contaminated food (Frenzen et al., 2005), 
drinking or swimming in contaminated water (Grey, 2000), and contact with 
livestock and other animals (CDC, 2005). 
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1.4 Diagnosis   
To control infectious disease, the first important thing is to make a 
correct and rapid diagnosis, especially for some acute infectious disease. 
Over the past century, clinical microbiologists have developed several 
different detection methods for microbial identification based on 
morphology and other variables. Some of them are still been used, Gram 
stain as well as microorganism culture (Xu et al., 2005).  
Molecular biological techniques start a new century for clinical 
microbial detection. During the last two decades, molecular based detection 
methods have been becoming more and more powerful tools in clinical 
diagnosis (Fredricks and Relman, 1999).  
Specific PCR is the simplest PCR approach which is designed just for 
detecting some specific target microbes. In specific PCR, primers are 
designed complimentary to a known DNA, target and specific for the 
microbe being assayed. This is a key point specific PCR if the primers are 
strictly specific for the aimed microorganisms. Because the result is specific 
for detected microbe, this method can be used as direct detection and 
identification method. This is the most used method in diagnosis of 
infectious disease (Chan et al., 2003; Saves et al., 2002).  
1.4.1 Enterobacterial repetitive intergenic consensus (ERIC) 
Enterobacterial Repetitive Intergenic Consensus (ERIC) sequences are 
127 bp imperfect palindromes that occur in multiple copies in the genomes 
of enteric bacteria and vibrios. ERIC consensus oliyonucleotides produce 
clearly resolvable bands by agarose gel elctrophoresis following PCR 
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amplification. These band patterns provide unambiguous DNA fingerprints 
of different eubacterial species and strains (Verasalovic et al., 1991). ERIC 
sequences described as Intergenic Repetitive Units (IRU) differ from most 
other bacterial repeats in being distributed across a wider range of species 
(Gilson et al., 1991).Verasalovic (1991) represented the first demonstration 
of ERIC-Like sequences in eubacteria by methods other than computer-
aided analysis of sequence data.  
ERIC-PCR seems to be relevant for the genetic discrimination of 
enteric bacteria. As demonstrated in many previous studies the ERIC primer 
set seems to be also useful for the differentiation between E.coli strains 
(Wieczorek et al., 2004). The PCR-based method as ERIC-PCR allows the 
simple and rapid genetic characterization of bacteria tested, therefore, such 
tool could be widely used for epidemiological studies, especially when the 
investigated strains are phenotypically similar or identical (Osek and 
Svennerholm,1991). 
ERIC sequences have been found only in intergenic regions, 
apparently only within transcribed regions. The number of copies of the 
ERIC sequence varies among species: it was initially estimated by 
extrapolation that there might be about 30 copies in E. coli K-12 (Hulton et 
al., 1991).  
1.5 Control and prevention           
 There are basically two factors that prevent the calves from 
developing diarrhea (scours), becoming ill and dying. One is the dose of the 
infectious agents. The higher the dose in the environment of the calf (the 
calf's cow and immediate surroundings), the more likely the calf will be 
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exposed to the agent and becomes ill. Therefore, sanitation is very important 
in keeping dose low. Cow calving in clean fields or pastures is very helpful 
and keeping the cows spread out is also important. The second important 
factor in preventing scours is the immune system of the calf. The calf's 
immune system has two important facets; the ability of the individual calf to 
resist disease, and the colostrums the calf receives from the cow or heifer 
soon after birth. Both of these factors are dependent on good quality 
nutrition before the calf is born. One of the most important nutrients for the 
development of the immune systems is protein if the cow is short on protein 
in her diet, the immune system of the calf will not develop normally. The 
protein fed to the cow or heifer before the calving is vital for the following 
to occur, the calf must be strong enough to get up and suck soon after birth, 
the colostrums of the cow or heifer must be adequate in terms of quality and 
quantity, the calf's own immune system must be working at maximum 
efficiency also, if not enough energy is fed, the cow will break down her 
muscle tissue and use that protein for energy. So feeding enough energy and 
protein together is important. Other nutrients that are particularly important 
for the pregnant cow are some of the trace minerals: iodine, copper, and 
selenium, deficiencies in either one of these trace minerals will result in an 
increase in sick and / or dead calves (Maas, 2002).                          
The importance of proper sanitation and attention to avoid fecal-oral 
contamination: isolate, as much as possible, all cattle with symptoms of 
diarrhoea. Avoid fecal-oral contamination by minimizing use of oral 
instruments. Clean and sanitize all oral instruments between uses (Muniesa 
and Jofre, 1998).                                 
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Calves may serve a reservoir of E.coli from which the organisms are 
maintained and periodically disseminated into adult animals housed nearby. 
Housing calves separately, away from other stock, may provide a 
mechanism to prevent O157 on farm (Lejeune and Wetzel, 2006). 
Avoid using the same calving grounds year after year. This is 
especially important if calf scour problems have occurred previously on the 
farm. Scour causing bacteria and viruses can be very hardy, surviving in the 
soil for a long time. Moving cows into the calving grounds one to two weeks 
prior to calving will prevent excessive accumulation of manure, and 
decrease the pathogen loads (Acres and Radostits, 1985).   
1.5.1 Vaccination                 
The use of vaccination to prevent pathogen colonization and fecal 
excretion in agricultural animals is based on the priming of the animal’s 
immune system against antigens expressed by E.coli O157:H7 to prevent the 
colonization of this organism in the gastrointestinal tract. Researchers have 
developed experimental vaccines against the proteins and other cellular 
components thought to play critical roles in bacterial adherence to 
mammalian cells and the intestinal mucosa of calves. These include the 
Type3 E.coli- secreted proteins, Tir, intimin, and the O157 
lipopolysaccharide (Potter et al., 2004).                 
 E. coli vaccines have been under development for many years (Girard 
et al., 2006). In January 2007 the Canadian bio-pharmaceutical company 
Bioniche announced it has developed a cattle vaccine which reduces the 
number of bacteria shed in manure by a factor to about 1000 bacteria per 
gram of manure (Pearson, 2007).                   
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There are new E. coli cow vaccines now on the market which are  
administered to the cow 6 weeks and 3 weeks prior to calving. The new E. 
coli vaccine is also available in combination with the rota- and coronavirus 
vaccine. This vaccination builds high antibody levels in the colostrum, but 
the calf must get colostrum in the first few hours of life for the vaccine to be 
effective (Radostits et al., 1994; Aiello and Mays, 1998). 
1.5.2 Treatment   
Biochemical events in newborn calves affected with acute diarrhea are 
well known, and considerable progress has, been made in the last 10 years in 
treating physiological effects of the disease with such as fluid and electrolyte 
therapy for dehydration and acidosis (Tennant et al., 1972).   
In addition, E. coli and related bacteria possess the ability to transfer 
DNA via bacterial conjugation, which allows a new mutation to spread 
through an existing population. It is believed that this process leads to the 
spread of toxin synthesis from Shigella to E. coli O157:H7 (Perna et al., 
2001). Extended-spectrum Beta-Lactamase (ESBL)–producing E. coli are 
antibiotic-resistant strains of E. coli. ESBL-producing strains are bacteria 
that produce an enzyme called extended-spectrum beta lactamase, which 
makes them more resistant to antibiotics and makes the infections harder to 
treat. In many instances, only two oral antibiotics and a very limited group 
of intravenous antibiotics remain effective (Perna et al., 2001; Johnson et al., 
2006). The treatment is usually supportive, antibiotics are not usually 
required (Russo, 2006). 
1.5.2.1 Fluid and electrolyte replacement therapy 
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Dehydration, acidosis, and electrolyte imbalance are corrected by 
solutions containing mixtures of electrolytes, water, and glucose. In severe 
dehydration and acidosis bicarbonate, sodium, and chloride ions are vital 
and life saving (Radostits, 1974).  
1.5.2.2 Antimicrobial susceptibility 
  Appropriate treatment depends on the disease and should be guided 
by laboratory analysis of the antibiotic sensitivities of the infecting strain of 
E.coli. As Gram-negative organisms, E. coli are resistant to many antibiotics 
which are effective against Gram-positive organisms. Antibiotics which may 
be used to treat E.coli infection include amoxicillin as well as other semi-
synthetic penicillins, many cephalosporins, carbapenems, aztreonam, 
trimethoprim-sulfamethoxazole, ciprofloxacin, nitrofurantoin and the 
aminoglycosides. Not all antibiotics are suitable for every disease caused by 
E.coli, and the advice of a physician should be sought. Resistance to beta-
lactam antibiotics has become more serious in recent decades as strains 
producing extended-spectrum beta-lactamases render many, if not all, of the 
penicillins and cephalosporins ineffective as therapy. Antimicrobial 
resistance in E.coli has been reported in the United States and worldwide, 
but pathogen occurrence and susceptibility profiles vary from region to 
region (Von Baum and Marre, 2005).                     
Susceptibility testing should guide treatment in all infections in which 
the organism can be isolated in culture (Johnson et al., 2006).  
The in vitro activities of 15 antimicrobial agents against 195 strains of 
Escherichia coli isolated from dairy calves affected by neonatal diarrhea 
were determined. The overall percentage of resistant strains to streptomycin, 
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tylosin and tetracycline was very high (above 65%). A high level of 
resistance (from 23 to 50%) to ampicillin, neomycin, kanamycin, 
spectiomycin, chloramphenicol, sulphadimethoxine and trimethoprin was 
also detected. E.coli strains are very susceptible (89-95%) to apramycin and 
gentamycin and highly susceptible (99-100%) to polymyxin B, florfenicol 
and nitrofurazone (Orden et al., 2001). 
Out of a total of 472 isolates of E.coli tested using 8 antimicrobial 
agents, 451(95.6%) exhibited resistance to one or more antimicrobial agents. 
Resistance was high to cephalothin (88.1%), moderate to ampicillin (34.3%), 
sterptomycin (33.7%) and neomycin (22.1%) (Adesiyun and Downes, 1999).  
In developing countries, resistant levels are usually light for broad–
spectrum penicillin and trimthoprium and low for third – generation 
cephalosporin's and nitrofurantoin (Von Baum and Marre, 2005). 
In Sudan, Kamal (2000) stuided the susceptibility of E.coli strains 
isolated from diarrhoeic calves and goat kids to different antibiotics. He 
found that they were sensitive to gentamycin and were almost resistant to 
streptomycin. Ellaithi (2004) who isolated E.coli from calfe diarrhoea in 
Sudan found that 90% of the isolates were susceptible for chloramphenicol 
followed by sulphamethozale-trimethoprin (89%), gentamycin (77%), and 
nalidixic (59%). 
1.5.2.2.1 Antimicrobial therapy                    
It has been assumed that enteropathogenies bacteria, especially certain 
serotypes of E. coli and Salmonella spp. are either the initial cause of the 
diarrhea or at least contribute to the disease initiated by other poorly defined 
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factors.  Broad spectrum antibiotics such as oxytetraeycline, neomycin, and 
chloramphenicol, and chemotherapeuties such as the nitrofurans are used 
widely for treatment of calf diarrhea. Ideally the drug of choice will depend 
on the drug sensitivity of the causative bacteria isolated from the feces of the 
calf (Mills and Hirth, 1967). 
 1.5.2.3 Alteration of diet                
Calves with acute neonatal diarrhea should be starved from milk for at 
least 24 hours or until the dry matter content of the feces increases above 12 
to 14%. On a theoretical basis starvation would; allow time for the 
gastrointestinal tract to return to normal function, reduce the amount of 
substrate in the lumen of the gut to minimize fermentation, putrefaction, and 
the end-products of these processes which may be toxic, and remove the 
dietary factor as a cause of the diarrhea in calves which continue to have 
diarrhea in spite of all other therapy. After starvation and if the calf is 
showing improvement, cow's whole milk is re-introduced to the calf in small 
amounts frequently. During this convalescent period, milk is given at 6 to 
8% of body weight divided into four feedings during the day. This amount is 
increased to a day intake of 10% of body weight over 3 days. If diarrhea 
develops, then starvation and refeeding regime is repeated. During starvation 
oral electrolytes and fluids are offered or given (Roy and Ternonth, 1972).  
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Asepsis and sterilization 
2.1.1 Flaming  
Flaming was used to sterilize slides, cover slips and glass rods.   
2.1.2 Red heat 
         It was used to sterilize loop wire, needles and spatulas by holding them 
over Bunsen burner flame until became red.  
2.1.3 Hot air oven 
It was used to sterilize metals, glass wares such as test tubes, 
graduated pipettes, flasks, Petri dishes and cotton swabs. The holding period 
was one hour and temperature was 160°C 
2.1.4 Moist heat (autoclaving) 
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Media, solutions and plastic wares were sterilized by autoclaving at 
121°C (15Ib/inch²ሻ for 15 minutes. Autoclaving at 115°C ሺ10Ib/inch²ሻ for 
10 minutes was used for sterilization of sugar containing media.  
2.1.5 Irradiation  
Ultraviolet irradiation for 20 minutes was used to sterilize media 
pouring room.  
 
2.1.6 Disinfection 
Alcohol (70%) was used for disinfecting working place in the media 
preparation room and in the laboratory.   
2.2 Reagents and indicators 
2.2.1 Reagents 
2.2.1.1 Alpha- naphthol solution (BDH) 
This was obtained from Hopkin and Williams, London; and it was 
prepared as 5% solution for Voges-Proskauer (VP) test.  
2.2.1.2 Potassium hydroxide  
         This was obtained from Hopkin and Williams, London; it was prepared 
as 40% solution for Voges-Proskauer (VP) test.  
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2.2.1.3 Hydrogen peroxide (H2O2) 
           It was prepared as 3% aqueous solution, protected from light and 
stored in a cool place.It was used for catalase test. 
2.2.1.4 Methyl red solution 
This solution was prepared by dissolving 0.04 g of methyl red in 40 
ml ethanol and the volume was made up to 100 ml with distilled water. 
2.2.1.5 Tetramethyl-p-phenylene dihydrochloride  
This reagent was obtained from Hopkin and Williams, London; it was 
prepared as 1% aqueous solution. It was used to impregnate strips of filter 
paper, which were then oven-dried and used for oxidase test.  
2.2.1.6 Kovac's reagent 
This reagent was composed of 5 g of para dimethyl amino 
benzaldehyde, 75 ml amyl alcohol and 25 ml concentrated hydrochloride 
acid. The aldehyde was first dissolved in alcohol at 50-55°C, then cooled 
and the acid was added carefully.  It was stored at 4°C for later use in indole 
test. 
2.2.1.7 Lead acetate            
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 Filter paper strips, 4-5 mm wide and 50-60 mm long were 
impregnated in lead acetate saturated solution and then dried. It was used for 
hydrogen sulphide test.  
2.2.2 Indicators   
2.2.2.1 Andrade's indicator 
It was composed of 5 g acid fuchsin, 1 L distilled water and 150 ml 
NaOH. It was prepared by dissolving the acid fuchsin in distilled water. 
Then 150 ml of alkali solution were added, mixed and allowed to stand at 
room temperature for 24 h with frequent shaking until the color changed 
from red to brown.   
 2.2.2.2 Bromothymol blue (BDH) 
          It was prepared by dissolving 0.2 g of the bromothymol blue powder 
in 100 ml distilled water. 
 
 
2.2.2.3 Gram's stain reagents 
2.2.2.3.1 Crystal violet 
Ingredients g/l 
Crystal violet 20.0 g
Ammonium oxalate         9.0 g
Ethanol 95 ml
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Alcohol was added to the crystal violet and mixed well until the dye 
was completely dissolved. Ammonium oxalate was dissolved in about 200 
ml of distilled water and it was added to the stain, then made up to 1 L with 
distilled water and mixed well. The prepared solution was stored at room 
temperature. 
2.2.2.3.2 Lugol's iodine 
Ingredients g/l 
Potassium iodide 20 g 
Iodine 10 g 
Distilled water 1 L 
Potassium iodide was dissolved in about a quarter of water. Iodine 
was added to potassium iodide solution and mixed well. The solution was 
made up to 1 L with distilled water, mixed well and then stored in dark place 
at room temperature. 
2.2.2.3.3 Decolorize (acetone-alcohol) 
Ingredients ml/l 
Acetone 500 ml
Ethanol or methanol, absolute 475 ml
Distilled water    25 ml
 Distilled water was mixed well with alcohol; acetone was measured 
and added immediately to alcohol. The solution was mixed well and stored 
at room temperature.  
2.2.2.3.4 Strong carbol fuchsin 
Strong carbol fuchsin was consisting of two solutions: 
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1-Solution A: Ten grams of basic fuchsin mixed with 10 ml of ethanol 
(95%), dissolved in stopper bottle and kept at 37°C overnight. 
2- Solution B: Five grams of phenol were mixed with 100 ml of 
distilled water and shacked to dissolve.  
Strong carbol fuchsin was prepared by pouring 10 ml of solution A 
into 100 ml of solution B.  
2.3 Preparations of media 
Solid media, semi solid media, and liquids media were used for 
isolation, identification and maintenance of isolates.  
2.3.1 Solid media  
2.3.1.1 Nutrient agar (CM 3, Oxoid):  
 This medium contained 15.0 g agar No. 3, 1.5 g beef extract, 5.0 g 
peptone, 5.0 g sodium chloride and 1.5 g yeast extract. Twenty eight grams 
of the powder were suspended in 1 L of distilled water and brought to the 
boil to dissolve completely. The pH was adjusted to 7.4±0.2 and sterilized 
by autoclaving at 121°C for 15 minutes. The medium was cooled to 45ºC-
50°C and distributed into sterile Petri dishes in about 20-25 ml each. It was 
left to solidify at room temperature on flat surface. 
2.3.1.2 MacConkey's agar (CM 109, Oxoid):  
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This medium contained 10 g peotone, 10 g lactose, 0.5 g bile salt, 0.5 
g sodium chloride, 0.001 g crystal violet, 0.075 g neutral red and 12 g agar. 
Fifity one and half grams of dehydrated powder were suspended in 1 L of 
distilled water and brought to the boil to dissolve ingredients completely, 
The pH was adjusted to 7.1±0.2 , then sterilized by autoclaving at 121°C for 
15 minutes. The meduim was cooled to 45-50°C and poured into sterile Petri 
dishes in 20-25 ml amount. The plates were left to solidify at room 
temperature on a leveled surface. 
2.3.1.3 Sorbitol MacConkey's Agar: 
This medium composed of 20 g peptone, 10 g sorbitol, 1 g sodium 
desoxycholate, 5 g soduim chloride, 1 ml of 0.1% aqueous solution crystal 
violet, 3 ml of 1% aqueous solution neutral red and 1 g agar. The ingredients 
were dissolved in 1 L distilled water in water bath. After adjustment of the 
pH to 7.1, the midium was sterilized by autoclaving at 121°C for 15 minutes 
and then poured into sterile Petri dishes in 20 ml amounts. The plates were 
allowed to solidify on a leveled surface.  
2.3.1.4 Simmons Citrate agar (CM 155, Oxoid):  
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 It was composed of 1.0 g ammonium dihydrogen phosphate, 0.2 g 
magnesium sulphate, 1.0 g K2PO4, 2.0 g sodium citrate, 5.0 g sodium 
chloride, 15.0 g bacto-agar and 0.08 g bacto-bromothymol blue. Tweenty 
three grams of the powder were suspended in 1 L of distilled water and 
brought to boil to dissolve completely. The pH was adjusted to 6.8. It was 
distributed in sterile bottles and sterilized by autoclaving at 121°C for 15 
minutes. After sterilization the bottles were left to solidify in inclined 
position. 
2.3.1.5 Urea agar base (CM 53, Oxoid): 
 This medium contained 1.0 g peptone, 1.0 g dextrose, 1.2 g Na2HPO4, 
0.8 g KH2PO4, 5.0 g sodium chloride, 15.0 g agar and 0.012 g phenol red. 
The medium was prepared according to manufacturer's instructions by 
dissolving 2.4 g from the powder in to 95 ml of distilled water and brought 
to boil untill  dissolved completely. The pH was adjusted to 6.8. It was 
sterilized by autoclaving at 121°C for 20 minutes. Then, it was cooled to 
50°C and 5 ml of sterile 40% aqueous urea solution was added. After that, it 
was distributed in 10 ml amount into sterile bottles and allowed to set in a 
slope.  
2.3.1.5 Diagnostic sensitivity test agar (DST) (CM 261, Oxoid):  
This medium contained protease peptone, veal infusion solids, 
dextrose, sodium chloride, disodium phosphate, sodium acetate, adenine 
sulphate, guanine hydrochloride, uracil, xanthine and agar NO 2.  Forty 
grams of the DST agar were suspended in 1 L of distilled water, and then 
brought to boil to dissolve completely. The medium was sterilized by 
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autoclaving at 121°C for 15 minutes. Then it was dispended into sterile Petri 
dishes in portion of 15 ml each. It was left to solidify at room temperature on 
a leveled surface.  
 
2.3.2 Semi solid media 
2.3.2.1 Hugh and Leifsons (O/F) medium:   
 This medium contained 2.0 g peptone, 5.0 g NaCl2, 0.3 g K2HPO4, 3.0 
g agar, 10.0 g glucose, 3 ml bromothymol blue 1% w/v aqueous solution and 
1 L distilled water. The medium was prepared according to Barrow and 
Feltham (1993) by dissolving the solids in 1 L of distilled water and the pH 
was adjusted to 7.1. Then the indicator was added and mixed. The medium 
was then distributed into 10 ml volumes into test tubes and sterilized by 
autoclaving at 115°C for 10 minutes.  
2.3.2.2 Motility medium (Craigie tube medium):  
Ingredients g/L
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Nutrient broth 13.00
Agar 5.00
         The medium was prepared according to Barrow and Feltham (1993). 
Thirteen grams of dehydrated nutrient broth (CM 1, Oxoid) were added to 5 
g of agar (NO 1, Oxoid) and both were suspended in 1 L of distilled water. 
The pH was adjusted to 7.4, and the medium was dispensed in volumes of 5 
ml into 20 ml test tubes containing the appropriate Craigie tubes. The 
medium was then sterilized by autoclaving at 121°C for 15 minutes.  
 
 
 
2.3.3 Liquid media 
2.3.3.1 Peptone water (CM 9, Oxoid):   
Ingredients g/L 
Peptone 10.00
Sodium chloride 5.00
Ten grams peptone and 5g sodium chloride were dissolved in 1 L of 
distilled water. The pH was adjusted to 7.2±0.2. The preparation was 
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distributed into 5 ml amounts in universal bottles and test tubes and then 
sterilized by autoclaving at 121°C 15 minutes. 
2.3.3.2 Nutrient broth (CM 1, Oxoid): 
 This medium contained 5.0 g peptone, 1.5 g beef extract, 1.5 g yeast 
extract and 5.0 g sodium chloride. It was prepared according to 
manufactures. Thirteen grams of the medium were dissolved in 1 L of 
distilled water, and mixed well. The pH was adjusted to 7.4±0.2 and the 
preparation was distributed in 5 ml amount into test tubes and sterilized by 
autoclaving at 121°C for 15 minutes.  
2.3.3.3 Peptone water sugar:  
This medium contained 15 g peptone, 10 ml Andrade's indicator, 10 g 
sugar and 1000 ml distilled water. The pH of peptone water sugar was 
adjusted to 7.2 before the addition of Andrade's indicator. After mixing; the 
complete medium was distributed into portions of 2 ml into clean test tubes 
containing Durham's tubes and sterilized by autoclaving at 115°C (10 
Ib/inch²) for 10 minutes.  
2.3.3.4 Glucose phosphate medium (MR-VP medium): 
Ingredients g/l 
Peptone 5.0 
K2HPO4 5.0 
Glucose 5.0 
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The solid substances were dissolved in 1 L of distilled water and the 
pH was adjusted to 7.5. Then, it was distributed into 1.5 ml volumes in test 
tubes and sterilized at 110°C (10 Ib/inch²) for 10 minutes. 
2.3.3.5 Brain heart infusion (CM 225, Oxoid): 
 The medium contained 12.5 g calf brain infusion solids, 10.0 g 
protease peptone, 5.0 g beef heart infusion solids, 2.0 g dextrose, 5.0 g 
sodium chloride and 2.5 g disodium phosphate. Thirty seven grams of 
dehydrated medium were added to 1 L of distilled water and mixed. The 
complete medium was distributed into screw capped bijou bottles and 
sterilized by autoclaving at 121°C for 15 minutes.  
2.3.4 PCR reagents  
2.3.4.1 Agarose gel  
Two grams of agarose (SIGMA) were dissolved in 100 ml TAE 
buffer. The mixture was melted in a microwave oven for 45 seconds, left to 
cool. Then 0.7 μl ethedium bromide was added, swirled. It was poured on a 
plate. The comb was placed and the gel was left to solidify.  
 
2.3.4.2 Loading dye  
Ingredients µl 
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Bromophenol blue  11% 10 µl  
Glycerol 40 µl
DDW 50 µl
2.3.4.3 Ethedium bromide (PROMEGA, Madison) 
        Stock solution 10 mg/ml (protected from light). 
2.3.4.4 Running buffer (TAE buffer)  
Ingredients    ml 
Tris-HCL 40 ml
Sodium acetate 20 ml
EDTA (Ethylene diamine tetraacetic acid) 
powder (292-25 MW) 
584 ml
Distilled water 456 ml
2.3.4.5 DNA molecular marker (Ladder) (INVITROGEN) 
100 base pair ladder (1.0 μg/μl)            20 μl 
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Blue dye 
80 μl 
 
 
2.3.5 Vero cells reagents 
2.3.5.1 Phosphate diluent (PD) 
  This solution contained 0.4 g KCl, 16.0 g NaCl, 2.0 g Na2HPO4 
(anhydrous) and 0.4 g KH2PO4 were dissolved in 3 L double distilled water, 
then autocalved and cooled before antibiotics were added.  
2.3.5.2 Glasgow Minimum Essential Medium (GMEM) 5x  
 The medium contained 200 ml GMEM 5x, 25 ml yeast extract (1%), 
25 ml lacalbumin hydrolysate, 1 ml penicillin strptomycin (105 I.U/ml), 1 ml 
neomycin (10 mg/ml), 1 ml mycostatin, 7.5 ml NaHCO3 (7.3%) and 1000 ml  
double distilled water. Fifty ml tryptose phosphate buffer were added and 
stored at 4°C. 
2.3.5.3 Trypsin versin solution 
 Six ml trypsin (2.5%) and 4 ml versin (5%) were dissolved in 90 ml 
phosphate diluent (PD). Several drops of phenol red (0.2%) were added and 
the pH was adjusted by IM NaOH until the colour is faint pink (slightly 
alkaline). 
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2.3.5.4 Bovine serum 
 Calves were bled from the jugular vein. The whole blood was left 
overnight at room temperature. The separated serum was centrifuged at 2000 
rpm for 10 min, and then filtered through a Seitz filter under negative 
pressure. The filtrate was passed through a Millipore filter (0.22 μ) under 
positive pressure and then tested for sterility by culturing on Thioglycolate 
medium in 2 vials, one of them was incubated at 37°C and another oneat 
room temperature for 2 days. Then the sterile serum was kept at -20°C.   
2.4 Samples collection 
      A total of one hundred faecal samples was collected from diarrhoeic 
calves, age between 1 day - 5 months, from dairy farms in Khartoum North 
area: Hilat Kuku, Shegla, Keryab, Shambat, and University of Khartoum 
farm as shown in Table 1. Sixty seven water samples and 22 swabs samples 
of milker hands were collected from these dairy farms as shown in Table 1. 
Watery faecal samples were collected with sterilized cotton swabs from 
each calf. Milker hands samples were collected with sterilized cotton swabs 
from the surface of the hand and the water samples were collected in 
sterilized bottle from the watering troughs of the drinking water around the 
calves.  
2.5 Laboratory examination of faecal samples 
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2.5.1 Isolation of microorganisms 
   
Samples were cultured within 2-3 h after collection. Primary isolation was 
made on MacConkey's agar plates. After an incubation period of 24 h at 
37°C. A single colony of each isolate was subcultured on nutrient agar plates 
for purification. The resulting growth was checked for purity by Gram 
staining technique. Pure cultures were inoculated onto nutrient agar slopes 
and stored at 4°C as a stock culture. The stock culture was maintained by 
subculturing every 3-6 months. 
 
Table 1: Source of samples collected from farms in Khartoum North.  
Number of samples collected from: Location of 
collection 
Faeces Water Milker hands 
Hilat Kuku 33 17 6 
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2.5.2 Identification of isolates  
Shegla 41 21 5 
Keryab 12 12 8 
Shambat area 6 13 1 
U of K farm  8 4 2 
Total 100 67 22 
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All the pure isolates were identified biochemically as described by 
Barrow and Feltham (1993). The tests carried out included primary and 
secondary tests. 
2.5.2.1 Primary tests 
2.5.2.1.1 Gram stain  
 It is used to differentiate members of the bacteria based on the 
comparative biochemistry of their cell envelopes into Gram positive and 
Gram negative bacteria (Beveridge, 2001).   
a- Preparation of smears 
Small inoculm of bacterium colony was emulsified in a drop of a 
sterile normal saline and spreaded on a clean slide. The prepared smears 
were allowed to dry in air and then fixed by passing over Bunsen burner 
flame.  
 b- Staining method:               
1. Crystal violet was added to fixed smear for 30 sec. 
2. The smear was washed with distilled water. 
3. Lugol's iodine was added for 30 sec. 
4. The smear was decolorized with acetone-alcohol for 2-3 seconds. 
5. The slide was washed with distilled water. 
6. The smear was counter stained with dilute carbol fuchsin for 30 sec. 
7. Then it was washed with distilled water. 
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8. The slide was dried with filter paper and examined under microscope 
using the oil immersion objective lens. 
9. Gram positive bacteria appeared purple, while Gram negative bacteria 
appeared red. 
2.5.2.1.2 Motility test 
A part of a young broth culture was picked by the end of the straight 
wire and inoculated to a depth of 5mm into Craigie tube in test tube 
containing motility agar medium. Then it was incubated at 37°C overnight. 
If there was a growth in the medium in and outside the Craigie tube, the 
organism was considered motile.  
2.5.2.1.3 Catalase test    
A drop of 3% H2O2 was placed on a clean slide. A colony of test 
organism cultured on nutrient agar was picked by glass rod and added to the 
drop of H2O2. Apositive result was indicated by immediate production of air 
bubbles.  
2.5.2.1.4 Oxidase test    
A strip of filter paper, which was soaked in 1% solution of 
tetramethyl–p- phenylene diamine dihydrochloride (oxidase reagent) and 
dried in hot air oven, was placed on a clean glass slide by forceps. A fresh 
young test culture from nutrient agar was picked off with sterile glass rod 
and rubbed on the filter paper strip. If blue-purple color developed within 5-
10 seconds, the reaction was considered positive.  
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2.5.2.1.5 Glucose fermentation test 
The test culture was inoculated into peptone water containing 1% 
glucose, and then incubated at 37°C over night. The changing of Andrade's 
indicator colour to pink was considered positive result. Whereas, the gas 
production was indicated by the presence of empty space in the inverted 
Durham's tube. 
2.5.2.1.6 Oxidation/ fermentation (O/F) test 
The test organism was inoculated by stabbing with a straight wire into 
two test tubes of Hugh and Leifson's medium.To one test tube a layer of 
sterile melted soft paraffin oil was added to seal the medium from air. Both 
test tubes were incubated at 37°C and were examined daily for up to 14 
days. Yellow color in the open tube only indicated oxidation reaction, 
yellow color in both tubes indicated fermentation reaction. Green or blue 
colour in the open tube and yellow color in sealed one indicated production 
of alkali, while green color in both tubes indicated no oxidation or 
fermentation of glucose.  
2.5.2.2 Secondary test 
2.5.2.2.1 Sugar fermentation test 
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 Tube of peptone water sugar medium was inoculated with the test 
culture and incubated at 37°C for up to 7 days. Production of acid was 
indicated by appearance of reddish or pink colour. 
 
 
2.5.2.2.2 Citrate utilization 
             The test organism-grown in nutrient agar-was heavy inoculated onto 
a slope of Simmon's citrate agar. The inoculated medium was examined after 
24 hours of incubation at 37°C and daily for up to 7 days. Blue color and 
growth of the organism indicated positive result. Green color and no growth 
indicated negative result.  
2.5.2.2.3 Urease activity 
A slope of urea agar medium was heavily inoculated by the test 
organism and incubated at 37ºC and examined daily. Appearance of a red 
colour indicated positive result. Negative and weak tests were not considered 
before end of 7days.  
2.5.2.2.4 Indole production test 
The test culture was inoculated into peptone water and incubated at 
37°C for 2 days. One milliter of Kovac's reagent was run down along of the 
test tube. A positive result indicated by a red colour in the reagent layer.  
2.5.2.2.5 Methyl red (MR) test 
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        Glucose phosphate medium was inoculated with the test organism and 
incubated at 37°C for 2 days. Then 2-5 drops of MR reagent were added and 
the tube was shaken. A positive MR reaction was indicated by colour 
changing of culture to the red .Whereas, yellow or orange colour was 
considered a negative result.  
 
 
2.5.2.2.6 Voges- Proskauer (VP) test 
The test culture was inoculated into glucose phosphate medium and 
incubated at 37°C for 2 days. The reagent α-naphthol 5% (0.6 ml) followed 
by 0.2 ml of 40% KOH aqueous solution were added to 1 ml of culture 
medium.  The mixture was well shaking and sloped with cap loose for 15 
minutes and after 1 h. A positive reaction was indicated by a strong red 
colour at the surface at the slope (production of acetyl- methyl carbinyl from 
glucose).  
2.5.2.2.7 Hydrogen sulphide (H2S) production test 
Peptone water was inoculated with test culture and lead acetate paper 
was placed between the cotton plug and tube, incubated at 37°C and 
examined daily for upto a week. Blackenig of the paper indicated production 
of H2S.  
2.5.2.2.8 Sorbitol MacConkey's agar test 
 The test was carried out as described by Cheesbrough (2000). The test 
was used to differentiate between the isolates of E.coli serotype O157:H7 
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and the other isolates of E.coli. The test culture was inoculated onto sorbitol 
MacConkey's agar meduim and incubated at 37°C for 24 h. isolates that 
produced colouress colonies were considered E.coli serotype O157:H7, 
since E.coli serotype O157:H7 cannot ferment sorbitol sugar, while other 
serotypes fermented sorbitol.   
 
 
2.5.2.2.9 Antibiotic sensitivity test 
           Antimicrobial susceptibility testing of bacteria was carried out by the 
disk diffusion method using commercial disks, according to the guidelines of 
the National Committee for Clinical Laboratory Standards (NCCLS, 2000). 
Sensitivity of some isolates of E.coli to 8 antimicrobial agents was 
determined. Ampicillin, colistin, sulphate, cotrimoxazole, gentamicin, 
naledixic acid, nitrofurantoin, tetracycline and streptomycin were included 
in the test. The diagnostic sensitivity test agar was used. Colonies were 
picked from culture of each E.coli isolate grown on nutrient agar, 
subcultured into nutrient broth and incubated at 37°C for 2 h. The inoculum 
was well distributed on the surface of the medium and a pipette was used to 
withdraw off excess culturre. The inoculated plate was left to dry at room 
temperature for 15 minutes. Then antibiotic disks was placed on the agar and 
pressed gently by sterile forcep. The inoculated plate was then incubated at 
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37°C overnight. The diameter of the zone of growth inhibitions caused by 
each antibiotic to each test isolate was measured and the results were 
registered. 
2.5.3 Polymerase chain reaction (PCR) 
The ability of enterobacterial repetitive interginc consensus 
polymerase chain reaction [ERIC- PCR] to discriminate E.coli strain was 
evaluated (Wieczorek et al., 2004). The test was done as described by 
Wieczorek et al. (2004). 
The ERIC all oligonuceotide contained the entire conserved central 
care inverted repeat (Hulton et al., 1991). 
ERIC oligonucleotide sequences were: 
ERIC-1 forward primer: 
[5'ATG TAA GCT CCT GGG GAT TCA C-'3] 
It includes 22 bases of the positive sense strand. 
ERIC-2 reverse primer: 
[5'AAG TAA GTG ACT GGG GTG AGC G-'3] 
It includes 22 bases of the complementary strand. 
2.5.3.1 DNA extraction  
2.5.3.1.1 Materials and equipments provided 
 -Cultures of E.coli isolated on nutrient agar. 
 -Double distilled water (DDW). 
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 -Vortex, water bath, pipette tips, epindorf tubes.  
 -Centrifuge (Centurion Scientific Ltd Co). 
 -Pipettors to cover range of volumes (0.25µl-1000µl) with sterile 
plugs. 
2.5.3.1.2 Method  
The extraction method was done as described by Safa et al. (2006). 
Pure colonies of isolated strains of E.coli were transferred to Epindorf tube 
containing 300 µl of double distilled water, using a bacteriological loop. The 
colonies were resuspended in the distilled water by vortexing for about 20 
minutes. 
DNA was extracted by boiling the mixture at 100°C for 30 minutes 
and then centrifuged at 12000 rpm for 15 minutes and the supernatant 
containing DNA was transferred to new tubes and stored at -20°C until used 
for PCR amplification. 
2.5.3.2 Amplification of the extracted DNA  
PCR amplification of different enteric bacterial species with ERIC1 
and ERIC2 primers revealed species-specific band patterns and differences 
between species were easier to distinguish (Verasalovic et al., 1991). The 
method is applicable to the rapid identification of Escherichia coli strains 
isolated from faeces. The standard E.coli (ATCC 2599) was used to amplify 
ERIC (De Moura et al., 2001). 
2.5.3.2.1 Materials and equipment  
         -Template DNA. 
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-Primers. 
-Buffer 10×, 1ml, Vivantis. 
-MgCl2 50 mM, 1ml, Vivantis. 
-Tag DNA polymerase 500 µ, concentrate 5µ/µl, Vivantis.   
-Deoxynucleoside Triphosphate (dNTPs) 10 mM (Mix), Vivantis. 
-Sterile DDH₂O, vortex, ice box, gloves and aerosol tips. 
 -Sterile PCR tubes and epindorf tubes. 
-PCR machine (Thermocycler) [Biometra, Geotting, Germany]. 
2.5.3.2.2 Method 
         PCR was performed using in final volume 25µl, including 12.7µl 
DDW, 2.5µl buffer, 2µl dNTPs, 2µl ERIC-1, 2µl ERIC-2, 2µl Mg₂Cl, 2µl 
template and 0.8µl Tag DNA polymerase.  
 The PCR was performed with uninterrupted program in thermal 
cycler under the following conditions: 
 One cycle of five minutes at 94°C followed by 35 cycles of: 
1min 52°C   (Preheating) 
5mins 70°C   (Denaturation) 
1min 92°C   (Annealing) 
  One final extention step was done for ten minutes at 70°C.  
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2.5.3.3 Analysis of PCR product                                                                                               
2.5.3.3.1 Material  
-Agarose 2%. 
-DNA tracking (Loading dye). 
-Ethedium bromide. 
-Running buffer. 
-Standard DNA molecular weight marker (Ladder 100 bp). 
 
2.5.3.3.2 Equipment  
-Standard power pack. 
         -Mini gel electrophoresis. 
-Gel Doc 2000 documentation system (Bio-Red). 
2.5.3.3.3 Method  
          The PCR products were separated electrophoritically in 2% agrose 
containging 0.7µl ethidium bromide. One µl 100 bp DNA ladder was loaded 
in the first slot of gel. Then 5µl of PCR products were mixed with 2µl of 
loading dye and loaded in other wells. Electrophoresis was performed in 
mini gel electrophoresis using 120 volts for 30 minutes after the gel was 
covered with TAE buffer. DNA bands were visualized under UV light (300 
nm) and photographed using the Gel Doc 2000 documentation system (Bio-
Rad).    
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2.5.4 Tissue culture assay 
 Heat-labile toxin (LT) causes morphological changes in certain cell 
cultures such as mouse adrenal tumors (Y/I cells), African green monkey 
cells (vero) and Chinese hamster ovary cells. In the first two cell lines, LT 
causes rounding of the cells and in the latter it causes elongation.  
 In this investigation vero cells were used for detection of LT.  
2.5.4.1 Preparation of heat-labile toxin (Lt) 
2.5.4.1.1 Materials and equipment 
 - Cultures of E.coli isolated on nutrient agar. 
 - Nutrient broth. 
 - Brain heart infusion broth. 
 - Sterile conical flask and millipore filter size 0.22 µm.  
 - Shaker incubator and cooled centrifuge.  
2.5.4.1.2 Method            
 Single colony was plated out onto nutrient agar and incubated 
overnight at 37°C.Then it was inoculated onto nutrient broth and thereafter 
incubated overnight at 37°C. Five milileter culture of the test isolate was 
inoculated into 100 ml brain heart infusion broth in a conical flask and 
incubated at 37°C with shaking for 18 h. The cultures were then centrifuged 
at 4000 rpm for 30 minutes at 4°C and the supernatant was aseptically 
collected and filtred through a 0.22 μm filter.    
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2.5.4.2 Preparation of vero cell (passaging or subculturing) 
2.5.4.2.1 Materials and equipments 
- Sterile tissue culture flask.  
- Pasteur pipette and sterile pipette tips.  
- Inverted microscope.   
-The vero cells.  
- Phosphate diluent (PD), trypsin, versin and calf serum.  
- Glasgow Minimum Essential Medium 1 X as a growth medium.   
2.5.4.2.2 Method 
          Vero cell were obtained from Centeral Lab, Sudan. Subculturing was 
performed as described by Mahmoud (2002). 
 The growth medium was removed and the cell briefly washed with 
sterile PD. Three ml of trypsin and versin solutions were added and 
incubated at 37°C until cells flew freely when the flask was tilted this was 
detected by inverted microscopic examination. Few drops of calf serum 
were added to stop the action of trypsin and versin. Ten ml of growth 
meduim was added for diluting the mixture and mixed well by pipetting. 
Then cells were removed from the surface of the flask by inspiration and 
63 
 
aspriation using pasteur pipette. Suitable volum distributed in tissue culture 
flasks and then incubated at 37°C.  
2.5.4.3 Vero cell monolayer test  
 Twenty microliters from vero cell that were with three days of 
passage when they were harvested onto a 6 well tissue culture tray and 
inoculated with 5μl Glasgow Minimum Essential Medium and incubated at 
37°C for 24 h.  
 Ten µl of heat-labile toxin (LT) from cultures of E.coli isolates was 
each added to a test well, 2 wells were left as a negative control, for ease of 
comparison. The plates were covered and incubated at 37°C.  
2.5.4.4 Reading of test results  
 The test for LT was read at 48 h for cytotoxic necrotizing factor, 
which caused cells to lose their enlogated appearance and tended to become 
round or globular. It caused affected cells to enlarge in size and have a 
multinucleated appearance.  
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CHAPTER THREE 
RESULTS 
3.1 The isolation               
Hundred faecal samples were collected from diarrhoeic calves from 
farms in Hilat Kuku, Shegla, Keryab, Shambat area and University of 
Khartoum farm. Sixty seven samples from drinking water around the cattle 
and 22 samples from milker hands were collected from these farms (Table, 
2). 
All samples were cultured onto MacConky's agar media and they were 
incubated aerobically at 37°C. All faecal isolates 134 (134%), 43 (64.2%) 
water isolates and 17 (77.3%) milker hands isolates.  
3.2 The identification               
 The bacterial isolates obtained in this investigation were identified on 
the basis of their cell morphology, Gram stain reaction, cultural 
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characteristics and their biochemical properties as described by Barrow and 
Feltham (1993). 
3.3 The Enterobacteria isolates                 
 Different species of Enterobacteria were isolated from faecal samples. 
They were Escherichia coli, 100 (100%), Klebsiella spp., 18 (18%), 
Salmonella spp., 7 (7%), Proteus spp., 8 (8%), Hafnia spp., 1 (1%) (Table, 
3).              
 Twenty five (37.3%) Escherichia coli, 15 (22.4%) Klebsiella spp., 3 
(4.5%) Salmonella spp. were isolated from water samples (Table, 3).      
Eleven (50%) Escherichia coli, 2 (9.1%) Klebsiella spp., 4 (18.2%) 
Salmonella spp. were isolated from milker hands (Table, 3).               
3.3.1 E.coli isolates             
 Hundred isolates were obtained from faecal samples, 25 from water 
samples and 11 from milker hands. They were Gram negative rods. On 
MacConky's agar medium, large, pink, circular, convex and smooth colonies 
were observed indicating lactose fermentation (Figure, 1). Two E.coli 
isolates (2%) did not ferment lactose on MacConky's agar medium. 
Biochemical and other characters of E.coli isolates are shown in Table 4. 
3.3.2 Klebsiella spp. isolates             
 Eighteen isolates of Klebsiella spp. were obtained from faecal 
samples, 15 from water samples and 2 from milker hands. They were Gram-
negative straight short rods, capsulated and non spore forming cells. On 
MacConkey's agar medium, colonies of Klebsiella spp. appeared large; 
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mucoid glistening and pink in color, indicating lactose fermentation and 
capsule formation (Table, 4).  
3.3.3 Salmonella spp. isolates                    
 Seven isolates were obtained from faecal samples, 3 from water and 4 
from milker hands. They were Gram-negative, rods and on MacConkey's 
agar medium  colorless and non lactose fermenting colonies were detected 
(Table, 4).   
 
 
3.3.4 Proteus spp. isolates               
 Eight isolates of Proteus spp. were obtained from faecal samples. 
They were Gram negative rods, non- capsulated and non spore forming cells. 
On MacConkey's agar medium, pale-colored, non- lactose fermenting 
colonies were detected. On nutrient agar, colonies with distinctive smell and 
swarming growth were seen (Table, 4). 
3.3.5 Hafnia spp. isolates                 
 One isolat of a Hafnia spp. was obtained from faecal samples. It was 
Gram negative rod and on MacConky's agar medium lactose fermenting 
colonies were seen (Table, 4).  
3.4 Sensitivity of Escherichia coli to antibiotics               
 E.coli isolates were sensitive to Nitrofurantion (98%), Colistin 
sulphate (98%), Gentamycin (87%), and Cotrimoxazole (82%) (Table, 6). 
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        Some E.coli isolates were resistant to Ampicillin (38%), Streptomycin 
(31%) and Nalidixic (27%) (Table, 6). 
3.5 DNA fingerprinting for Escherichia coli isolates              
 The fingerprinting of E.coli isolated in the present study distinguished 
the presence of five different genotypes of Escherichia coli as shown in 
Figure 3 and 4. 
 Different band patterns of isolates of E.coli were observed and 
therefore, isolates were classified according to the number of the bands 
using the molecular weight marker (ladder) of the PCR test (Fig, 3;4).              
 Twenty four (32%), 8 (32%), 4 (36.4%) isolates from faecal, water 
and milker hands samples respectively showed 10 bands pattern which is 
similar to that of genotype 259. Five (6.7%), 10 (40%) and 5 (45.5%)  
isolates from faecal, water and milker hands samples respectively showed 8 
bands pattern which is similar to that of genotype 286. Thirty nine (52%), 7 
(28%) and 2 (18.2%) isolates from faecal, water and milker hands samples 
respectively showed 6 bands pattern which is similar to that of genotype 96. 
Four (5.3%) isolates from faecal samples showed 7 bands pattern which is 
similar to that of genotype 305. Three (4%) isolates from faecal samples 
showed 5 bands pattern which is similar to that of genotype 289 as shown in 
Table 5.     
 A comparison between the different genotypes from isolates of feacal, 
water and milker hands samples showed there were shared their genotypic 
properties (Table, 5).  
3.6 Vero cell test               
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Five isolates of E.coli in this investigation were tested by vero cell 
test. All of them (100%) were found positive and induced rounding and 
enlargement of Vero cells; this indicated that these five isolates were VTEC 
(Fig, 5 and 6).   
3.7 Sorbitol MacConkey agar test  
In this study, sorbitol MacConkey's agar medium was used to 
differentiate between isolates of E.coli serotype O157:H7 and the other  
*Number (frequency) of isolate from: Bacterial 
species 
Hilat Kuku Shegla  Keryab  Shambat  U. of K.  
Faecal isolates: (n=33) (n=41) (n=12) (n=6) (n=8) 
E.coli 33 (100%) 41 (100%) 12 (100%) 6 (100%) 8 (100%) 
Klebsiella spp. 8 (24.2%) 5 (12.2%) 2 (16.7%) 1 (16.7%) 2 (25%) 
Salmonella spp. 1 (3.0%) 3 (7.3%) 3 (25%) 0 (0%) 0 (0%) 
Proteus spp. 2 (6.1%) 2 (4.9%) 3 (25%) 1 (16.7%) 0 (0%) 
Hafnia spp.  0 (0%)  1 (2.4%) 0 (25%) 0 (0%) 0 (0%) 
Water isolates: (n=17) (n=21) (n=12) (n=13) (n=4) 
E.coli 7 (41.2%) 8 (38.1%) 5 (41.7%) 3 (23.1%) 2 (50%) 
Klebsiella spp. 3 (17.7%) 7 (33.3%) 4 (33.3%) 1 (7.7%) 0 (0%) 
Salmonella spp. 2 (11.8%) 1 (4.8%) 0 (0%) 0 (0%) 0 (0%) 
Milker hands 
isolates : 
(n=6) (n=5) (n=8) (n=1) (n=2) 
E.coli 4 (66.7%) 2 (40%) 2 (25%) 1 (100%) 2 (100%) 
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serotypes. Five isolates were selected randomly. All the tested isolates 
fermented sorbitol, thus no one of them (0%) was E.coli serotype O157:H7. 
Table 2: The frequency of isolation of enterbacteria from calf diarrhoea, 
water and milker hands in different farms in Khartoum North. 
   
 *Frequency = was calculated as percentage from number of samples examined 
    n= Number of samples examined 
 
 
 
 
 
 
 
 
 
 
 
Klebsiella spp. 0 (0%) 1 (20%) 1 (12.5%) 0 (0%) 0 (0%) 
Salmonella spp. 3 (50%) 1 (20%) 0 (0%) 0 (0%) 0 (0%) 
Fig1: Pink colored meduim sized lactose fermenting 
Escherichia coli colonies on MacConkey's agar medium.  
70 
 
 
Fig 2: Antibacterial sensitivity of Escherichia coli on DST agar. The isolate 
was sensitive to Ampicillin, Colistin sulphate, Cotrimoxazole, Gentamicin, 
Nalidixic acid, Nitrofurantoin and Tetracycline. 
Table 3: Bacterial species isolated from faecal samples collected from 
diarrhoeic calves,water and milker hands samples in Khartoum North 
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n= Number of samples examined. 
 
 
 
 
 
 
 
 
 
Number (%) of isolates from:  
Isolated bacteria Faecal samples 
(n=100) 
Water samples 
(n=67) 
Milker hands 
(n=22) 
E.coli 100 (100%) 25 (37.3%) 11 (50%) 
Salmonella spp. 7 (7%) 3 (4.5%) 4 (18.2%) 
Klebsiella spp. 18 (18%) 15 (22.4%) 2 (9.1%) 
Hafnia spp. 1 (1%) 0 (0 %) 0 (0 %) 
Proteus spp. 8 (8%) 0 (0%) 0 (0%) 
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Table 4: Biochemical reactions of the Gram negative bacteria isolated from 
calf diarrhoea, water and  milker hands. 
Bacteria   
Test      E.coli Klebsiella 
spp. 
Salmonella 
spp. 
Proteus 
spp. 
Hafnia 
spp. 
Motility +/- - + + + 
Catalase + + d + + 
Oxidase - - - - - 
O/F F F F F F 
Citrate utilization - + + + - 
Urease activity - + - + - 
Indole production + -/+ - d - 
MR + + + + - 
VP - - - - + 
H2S production - - + + - 
Acid & gas from 
glucose          
d + + + + 
Acid from:  
Lactose d + - - + 
Maltose + + + - + 
Sucrose + + - d - 
Sorbitol + + + - - 
 
+   Positive reaction          -    Negative reaction           d     variable reaction        
O/F   Oxidation Fermentation test                 VP   Voges-Proskauer reaction 
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Table 5: The frequency distribution of the genotypes of E.coli in faecal, 
water and milker hands samples. 
Number (Percent) of isolates band patterns  
Genotype Faecal sample 
(n=74) 
Water sample 
(n=25) 
Milker hands 
sample (n=11) 
259 (10 bands) 24 (32%) 8 (32%) 4 (36.4%) 
286  (8 bands) 5 (6.8%) 10 (40%) 5 (45.5%) 
96  (6 bands) 38 (51.4%) 7 (28%) 2 (18.2%) 
305 (7 bands) 4 (5.4%) 0 (0%) 0 (0%) 
289 (5 bands) 3 (4%) 0 (0%) 0 (0%) 
 
n= Number of samples examined. 
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Table 6: Antibacterial sensitivity of Escherichia coli isolated from diarrhoeic 
calves in Khartoum North. 
 
 
 
 
 
 
 
 
 
               
               
 
 
 
 
 
 
               
                
  
 
Sensitive isolates Resistant isolates Antibiotic 
Number Percent Number Percent 
Ampicillin 62 62% 38 38% 
Co-trimoxazole 82 82% 18 18% 
Gentamicin 87 87% 13 13% 
Nalidixic 73 73% 27 27% 
Nitrofuranation 98 98% 2 2% 
Colistin sulphate 98 98% 2 2% 
Streptomycin 69 69% 31 31% 
Tetracycline 84 84% 16 16% 
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H8 H7 H6 W5 W4 F3 F2 F1 P M 
          
 
Figure 3: DNA fingerprint of Escherichia coli strains isolated from water, 
hands and feacal samples.  
             M     Molecular weight (ladder). 
             P     Positive control (ATCC 2599). 
              F1, F3       Feacal samples. 
             W4, W5     Water samples. 
             H6, H8       Hand samples. 
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F8 F7 F6 F5 F4 F3 F2 F1 P M 
          
 
Figure 4: DNA fingerprint of Escherichia coli strains isolated from calves with 
diarrhoea. 
              M              Molecular weight (ladder). 
              P              Positive control (ATCC 2599). 
              F1, F8       Feacal samples. 
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Fig 5: A layer from normal Vero cells 
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Fig 6: Vero cells became round or globular when inoculated with cytotoxic 
necrotizing factor Lt 
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CHAPTER FOUR 
DISCUSSION 
Calf diarrhoea is multi factorial disease entity that can have serious 
financial and animal welfare implication in both dairy and beef suckler 
herd. Losses are due to death, treatment costs and time spent on care. 
Treatment and control of diarrhoea is usually difficult and unrewarding 
because the causes of the diarrhoea are usually difficult to determine 
quickly and accurately. Hence, accurate and specific etiological diagnosis 
of infectious diarrhoeal disease in calves is important.                
The present investigation has thrown some light on the incidence of 
E.coli isolated from diarrhoeic calves of age 1 day to 2 months. It was 
also aimed at verifying the pathogenic potential of those isolated by vero 
cell culture, and to characterize the genotype of the strains isolated from 
faeces, water and milker hands by ERIC-PCR technique and to determine 
the epidemiological relation between the genotypes isolated from 
different sources in dairy farm.  
The problem of diarrhoeal disease is complex and altaining 
hazardous proportions, yet few fragmented studies have been carried out 
in Sudan (Salih, 1993; Mutasium, 1997; Kamal, 2000). Ellaithi (2004) 
studied E.coli isolates obtained from 80% of diarrhoeic calves. In our 
study E.coli was isolated from 100% of the cultured faeces of diarrhoeic 
calves. This may indicate the involvement of E.coli and its important role 
in causation of diarrhoea.Other authors, have reported lower percentages 
of isolates. Blood et al. (1985) have recorded the incidence of E.coli 
infection in diarrhoea as ranging between 5 and 30%, whereas Acres et 
al. (1975) reported an incidence of 66%. Recently, a much higher 
percentages of E.coli involvement was reported by Perez et al. (1998) 
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who succeeded in isolating pathogenic E.coli from 94% of the faecal 
samples collected from diarrhoeic calves.  
Carter (1986) reported the presence of E.coli in feaces, and stated 
that it may be recovered from water, dust in the air, milk or urine. In this 
study, E.coli was isolated from drinking water and hands of milker, this 
finding agrees with Lejeune (2001) who found that the water sources for 
cattle are frequently contaminated with relatively high numbers of 
generic E.coli. 
All of the dairy farms examined in this study were in open system 
so there were chances of water troughs contaminations with feeds, faeces, 
urine, dust and any other factor. The water troughs material is poor, and 
troughs were put directly on cattle house floor closely to the mud and 
faeces and the outer troughs enviroment was very humid with cattle urine 
which increases contamination chances. Mohamed (2006) reported that 
bacterial contamination in dairy cattle water troughs may arise from 
multiple sources. Water may be contaminated with mud or fecal 
materials. Contamination of drinking water with faeces may introduce a 
variety of intestinal pathogens bacterial.  
Mohamed (2006) studied the epidemiological data of the water 
trough in dairy farm, and found there were relationships between cases of 
calf diarrhoea and water contamination. This study agrees with the  
observation and concluded that drinking water could be a source of 
infection.  
As demonstrated in many previous studies the ERIC primer set 
seems to be useful for the differentiating between E.coli strains (Della-
Costa et al., 1998). In this study the ERIC- PCR was used for 
differentiating between E.coli strains which causes calf diarrhoea. The 
PCR based method as ERIC-PCR allows a simple and rapid genetic 
characterization of bacteria.  
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The DNA finger printing of different faecal, water and milker 
hands isolates were studied to determine the genotypes that were common 
in these sources in the farms. The analyses were based on the distribution 
of ERIC sequences. Five genotypes, 3 genotypes and 3 genotypes were 
characterized in faecal samples, water and milker hands respectively. In 
this study, molecular analysis of Escherichia coli isolates revealed five 
distinct genotypes. Omar (2006) found there were five genotypes of 
E.coli in cases of mastitis of cows in dairy farms in Khartoum State. 
Three similar genotypes were found in faecal, water and milker hands 
samples; 96 (6 bands), 286 (8 bands) and 259 (10 bands). This indicates 
positive relationship between drinking water and milker hands 
contamination with E.coli and E.coli isolated from faeces of diarrhoeic 
calves. Several researchers have demonstrated a positive association 
between drinking water contamination with E.coli and the presence of 
this organism in cattle feaces (Davis et al., 2005).  
Drinking water is an important source of the bacterium in a herd. 
Once drinking water becomes positive, cattle that drink the water shed the 
organism and which quickly spreads to other nearby cattle (Kaspar et al., 
1998). The environmental survival of Escherichia coli may play an 
important role in the persistence and dissemination of this organism on 
farm (Lejeune et al., 2001). 
E.coli produces colibacillosis in all species of newborn farm 
animals; it is a major cause of loss in these age groups (Blood et al., 
1990). ETEC is one of the major aetiological agents which causes 
diarrhoea in neonatal animals (Black et al., 1981; Levin, 1987). 
Pathogenic E.coli could not be differentiated from non pathogenic one on 
the basis of their biochemical charactristics as there is no biochemical 
marker that distinguishes them from one another. Therefore, to determine 
the pathogenic potential of an isolate of E.coli, one or more of 
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pathogenicity tests should be carried out (Sack, 1975; Guerrant et al., 
1974, Dupont et al., 1971; Gyles, 1974). Vero cells are used for many 
purposes, including: screening for the toxin of E.coli first named Vero 
toxin after this cell line, and later called Shiga-like toxin due to its 
similarity to Shiga toxin isolated from Shigella dysenteriae. Woodward 
and Wray (1990) studied the presence of Lt and detected its effect on 
Vero cell monolayer causing rounding of the cells. Five isolates of E.coli 
in this investigation were tested by vero cell test. All of them (100%) 
were found positive and showed rounded and large cells; this indicates 
that these five isolates were VTEC.  
E.coli serotype O157:H7 has been implicated in many outbreaks of 
diarrhoea in man worldwide due to ingestion of contaminated water, 
uncooked meat, fruits and vegetables, and the epidemiological studies 
have shown that cattle manure is the primary source of most human 
E.coli O157:H7 infections (Hancock et al., 2001).  In this study, Sorbitol 
MacConkey's agar medium was used to differentiate between isolates of 
E.coli serotype O157:H7 and the other serotypes. Five isolates were 
selected randomly and grown on Sorbitol MacConkey agar. None of them 
(0%) was E.coli serotype O157:H7. This result is not in agreement with 
Mokhtar (2008) who studied the neonatal calve diarrhoea in Khartoum 
north, Sudan, she found 5.17% of the isolates were O157:H7. 
Antimicrobial resistance has been recognized as an emerging 
worldwide problem in both human and veterinary medicine, and 
antimicrobial agents misuse is considered the most important factor for 
the emergence, selection, and dissemination of antimicrobial agent-
resistant bacteria (Sayah et al., 2005).  
Sensitivity testing of Escherichia coli to different antimicrobial 
agents was carried out in the present study. The isolated E.coli showed 
resistance to many antibiotics commonly used for treatment of bacterial 
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disease in animals. E.coli isolates showed resistance to ampicillin (38%) 
and streptomycin (31%), this result partially agrees with that reported by 
Ali (2000) who found that E.coli was resistant to streptomycin and 
Ellaithi (2004) who studied the susceptibility of E.coli strains isolated 
from diarrhoeic calves and man. She found medium and lower 
sensitivities to nalidixic acid (59%), tetracycline (45%), ampicillin (44%), 
neomycin (41%), streptomycin (23%) and erythromycin (0%).   
The extensive use of antibiotics often without prescription from 
qualified veterinarians, animal's owners usually use the drugs with 
subdosing and incomplete duration of the treatment, and they use one 
type of drug for long period, also the wide spread and erratic use of broad 
spectrum antibiotics without proper isolation of the causative agent and 
drug sensitivity testing are real causes of high resistance of drugs 
(Mokhtar, 2008).                           
E.coli isolated in this study was found sensitive to gentamycin 
(87%). This finding agrees with Orden (2001) who found that E.coli 
strains isolated from dairy calves affected by neonatal diarrhea were very 
susceptible (89-95%) to gentamycin. 
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Conclusions and Recommendations 
Conclusions: 
From this study it can be concluded that:- 
 - The most common bacterium associated with calf diarrhoea is 
Escherichia coli. 
 - VTEC constituted 100% of E.coli isolates.  
 - The application of PCR for Escherichia coli isolates using ERIC 
primers will be helpful for study the epidemiology of neonatal calf 
diarrhoea caused by E.coli.      
 - Five genotypes of E.coli were isolated from faecal samples. 
 - Three genotypes of E.coli were common in faeces, water and 
milker hands. 
 - Gentamycin is the drug of choice for treatment of calf diarrhea 
cases. 
 Recommendations 
 - Adequate and safe water supply is essential to the production of 
healthy livestock. 
 - The key to preventing calf scours is to receive adequate high 
quality colostrum containing antibodies within two to four hours of birth  
 - Vaccination for calf diarrhoea of cows is of priorities. 
 - Antibiotic sensitivity test should be carried out as a routine test 
for calf bacterial diarrhoea to detect resistant isolates and eliminate them 
by treatment with appropriate antibiotics.  
 - Further studies should be carried out to investigate the 
predisposing factors related to the incidence of neonatal calf diarrhoea.  
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